PROCESS FOR HYDROTREATMENT AND HYDRO SOVERI ZATI ON OF FEEDSTOCKS OBTAI NED
FROM A RENEWABLE SOURCE | I\/PLEI\/EI\FI'I NG f\ ZEOLI TE THAT |'S MODI FI ED BY A BASIC
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rapi d gr SRGCESSHERR H%Q&Q%AtT§fﬂ3Nﬂ" AP HYRROIYQMERIZARONDBsene bases
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production of fUB’IISLENHMTWGQSZEOWFETYHGF!ESMODIFIEINBYhl s regard, there
has been a very sharp resurgence, in recent years, of interest in
integration into the process BASICFREAMENS products of plant ori gin,

obt ai ned fromthe conversion of the lignocellul osic bionass or obtai ned

fromthe production of vegetable oils or animal fats, due to the increase
in the dedmiwiFitdssi| fuels Likewise, the traditional Mtters (ethanol or
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of a supplenment to petroleumtype fuels in the fuel pools I'n addition, the
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their i rfispeand padichemolfiels EpEINIBEMAOWSHIE t herefore of fer a certain

advantage.  this rekt8, 8 ha%@@ﬁ'%& Qﬁaqg?éurgénkze angbcdeyoseneintegl s, coupl ed
with the inportance of concerns Iinked he environment, rei nforces the

advant agleinserin ity teoserstsdencelingg ‘ﬁi“’rié%fi“f;ﬁs 8151?1?% REgiambEned fPrdie Anong t hese

feedst Oeéﬁersaoa of theNRASelISsid Bofhd @r omhe@ﬁmeqmmg@; dhlegetstiid s, ani mal
fats that are raw or that have been pretreated, as well as mxtures of such

f eedst 0@HNsOr aTel Bt @@d% thse%sea%,eamhgwﬁst ehieriildgls drikeyetey e gaditien! as
triglycelhd@@inc st @Eﬁyl%stefsaéftv)ég%ﬁedﬁls M}ﬁirﬂﬁyga{'@@cqﬁﬁé&ﬁi athR1 and the

| ength of the hydrocarbon chai n of t alg\”g ?1’2“ g g%lble with the
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possi bl grop@bddqkhtiafe ﬁobﬂqﬁ@«hQﬂa&’héecveéé’t@ﬂbs&ﬁrdWFlﬂnﬁﬂfa&faxé hehé egdsbpock that is
obt ai ned fromthe renewabl e source of paraffinic fuel from V\:h}Ch oxygen is

r enoved S0 SOREORY KaQ¥ciEr BFS%WFWQ%&V(‘%%F[&‘?“@'&TWH‘E) ANSHRSHSE met al ~ or
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hydr of f eat nent of the feedstock obtained froma

These pro ezquseé for
r enewab FEre<uEP eéaé?‘@"‘é”rdr”@ﬁ%w wel | known and are described in nunerous
patents It iPhelOSSdeRlafd fo@ gl diBandfkefos@% A, Goupleh GvipabeMpditaddSott, 992, 605, US

5. 705, 7%02noenl§f h]r'lkgi8 :tLo :tgh:%a?ena{/?rgnnllzel?xt rem?orces tge advantage of using feedstocks
obtained from renewable sources Among these feedstocks, it is possible to cite, for
example, vegetable oils, animal fats that are raw or that have been pretreated, as well as
mixtures of such feedstocks. These feedstocks contain chemical structures such as
triglycerides or esters or fatty acids, whereby the structure and the length of the
hydrocarbon chain of the latter are compatible with the hydrocarbons that are present in
the gas oils and kerosene

One possible method is the catalytic transformation of the feedstock that is
obtained from the renewable source of paraffinic fuel from which oxygen is removed in
the presence of hydrogen (hydrotreatment) Numerous metal or sulfur catalysts are
known for being active for this type of reaction.

These processes for hydrotreatment of the feedstock obtained from a renewable
source are already well known and are described in numerous patents. It is possible to

cite, for example, the patents: US 4,992,605, US 5,705,722, EP 1,681,337 and EP
1,741,768,



The use of solids based on transition nmetal sulfides nakes possible the
production of paraffins fromthe ester-type nolecule according to two
reaction nethods: The hydrodeoxygenation |eading to the formati on of water
by consunption of hydrogen and to the formation of hydrocarbons of the
carbon nunber (Cn) that is equal to that of the initial fatty acid chains,
The decar boxyl ati on/ decarbonyl ation | eading to the formati on of carbon

oxi des (carbon nonoxi de and carbon di oxi de: CO and C2) and to the formation
of hydrocarbons, having one carbon less (Cn-1) relative to the initial fatty
acid chains The useldf@olidschikell @f frdndiiah nidedtsuifideoihlods peskifle dra friksdon
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have beemaidetivephefiefthetr emprisat alnyetalofr grawn Ve shathis selested drass 2mbgy t hat t he
alkaline Ligal ﬁ%&;ﬂ@k&@ Ltk R ORSERLE o g,qqigevssebé g@@g@%ﬁgﬁm{gtﬁg@ ithe

struct ur & Fhus tréa a meso e cre mesoporosity and
mai nt ai nisalgcted Yrotmadrhony M{P@ﬁd SePCMi AEdpeR, tfmen&forz@ﬂﬂmewameby gleditified in
t hese publications as being |i j verall Si/A nolar ratio
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20 and 50, an or exanple, for an overall Si/Al Tatio that i's I ess than
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and s hor of or o PRemE PR OrubaPt BB Hsalisth 8 pr oS ety Mt iR O
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possible to create mesoporosity in a certain type of zeolite such as the ZSM-5
microporous zeolite in Ogura et al, Applied Catal. A:General, 219 (2001) 33, Groen et
al, Colloids and Surfaces A:Physicochem. Eng Aspects 241 (2004) 53, and Groen et al ,
Microporous and Mesoporous Materials, 69 (2004) 29, the FER in Groen et al,

Microporous and Mesoporous Materials, 69 (2004) 29, the MOR in Groen et al,



The dealumnified Y zeolite contains nmesopores, created by extracting

al um num atons fromthe framework of the zeolite The presence of nesopores
makes it possible to inprove the selectivity of mddle distillates of

hydr ocracki ng catal ysts that inplenment such a zeolite by facilitating the

di ffusion of primary products of the reaction (jet fuels and gas oils) and
thus by limting the supercracking of ;1ight products However, the extraction
of alum num atonms of the framework reduces the Bronsted acidity of said
zeolite and therefore its catalytic activity The gain in selectivity of
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conprising a hydrotreatnent stage upstreamfrom said hydro i'sonerization

st age W t hout belng | i nked by any theory, the basic treatnent of the
zeolite Hﬂﬂ%nbwe%?ﬁk tF((;ed and that contains an initial specific fraction
by wei ght™of eXtra-net wor "3l uni num at oms makes possi bl e the creation of
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of the inventionis to provide a process for treatnent of feedstocks
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More specifically, the invention relates to a process for treatnent of

f eedst ocks obtained froma renewabl e source and conprising the follow ng

st ages: a) Hydrotreatnent in die presence of a fixed-bed catalyst, at
a tenperature of between 200 and 450C, at a pressure of between 1 IVIPa and
10 MPa, at an hourly volunetric flowrate of between 0 1 11' and 10 If', and
in the presence of a total quantity oi hydrogen that is mxed with the
feedst ock such that the hydrogen/feedstock ratio is between 70 and 1, 000 NnB

of hydrogen/nB8 of feedstock, b) Separation, starting fromthe
ef f1 uent ; {NRtrak $h2 P ApMEH o f ERTLSE AGRANificTY PMUIQB8Mat 9868Ss 2 aptifal | east
one hydrocarbon base, c) Hydroisonerization of at |east a portion of

sai d hydfroganthorweaigs ef etietndteodsisieninen fomsmivbembe say z¢qlitg hangshgdice of a

fi xed- bed hydr.oj somer.i zati,on | : ] . S Al > - i ses at
| east on‘g) ﬁ{??ﬁ*%- Eagﬁlﬁlgrsé%(% rtlh aatt F%‘%gs%e%}{le Itnﬁ%@ %Xlsdeq%é@fn g@‘h% ngnge? ﬁ%qﬁgﬂoup t hat
i's fornedbiyc idueownsBbaitisn dfat grabesnt M3Sibbnd rgmotepilidoh latonts fdre thpestotiic t abl e,

taken by itself or in a mxture, and a substrate that_ conpri.ses at |east one
deal umi nf3d Bdmsers 8513 RAWP ot WREW T, Ao ipfoaihe dpatemior g g?ﬁ%"l‘?t F%SIB% silicon

to al um pum of. NG WesReR RaANY), 3de ANpdBibld Bl otfXih A NBLUPT ke 3 urEhBUM at om
fraction by weight that is greater than 10% relative to the total weight of
t he al untonyersidnalevélsapt e beaher faleativty 2Eaniddle disdilaieni(tarasenenand gat eilvol une t hat
i S measure ni.t r.ogen._por osi Ly t. ] rea 0, , and an
initial EV#tgs‘?%ﬂﬂd‘r\Oés"gﬂfr‘%%g Tofteds %e%‘? Pilorichedd %ﬁ{/"’éﬁgﬁ“ﬁ G )
38 A andfedstdéksAobiwined ehym sai @naedlld tseuics cmdirfsived ablyddratbeasi stage eat nent
stage that consj sts.iHth,e m xi ng of said dealumnified Y zeolite with a
basi ¢ aqUEGEEdBIREF SR r%‘ﬁ?fn%fﬂzapg%ét?geone heat treatment stage c), whereby

sai d_hydroi sofBigabdin BkaD8y iafy Q@éd%gﬂemagica&ea&l&e@peﬁ@&w@e @fat het ween 150
and 500C, at a pressure of between 1 a and 10 MPa, at an hourly volunetric

f1 ow r at deabimipsiiegesnd Daticoptpdnsian knitial spacific Aaetine by awishé of GRUGNEGIOH quantity
of hydrogen.that .is mn it t e C t

hydr ogen%g‘@éﬂg{l oaéirgsr ﬁ%ﬁggip\éﬁs j@? \Atggncr%fogng[s%l%%)ﬁﬁn‘gbf& nE%E)F @é’&%‘t gf:i C,

d) Separ ates@vresshaiatd ingrdonoentdchen teftfid sefate ofiht zécditobyailnedy desiimtsmage c), of
hydr ogen, gases, and at..|east ope gas.oil base  and _.one kerqgsene base

Dot o | eq peBEFRBERanoBHISRe I Bie At anewo o i TSR 6 THE SeaPf cut ar y
devot ed 1,0 {hfoR:aRARALIORsBle BARe Bikr ARfcKEI 105 28Rt H9btalBas@sotiRthespondi ng
to new environnental standards, starting from feedstocks obtained from

r enewabl énteromsedine diffusionrpbmpleselss gwkss ithaesible doobrapieidthet BrlpBEhabl
sour ces YsadddladdieB il ENMIn N HCinddAR! EAIR o3RI BF IR aQILARPNY L he
of 'plant or anfmal gin,” or mx suc

oils and"Tats origin ures o f eedst ocks,
cont ai ni ngddleidigtiyiees,i tdedand/oghef seectivay tof madilldsliadidiesr Fasthemmrghtbe veget abl e

oi | s can_ advant ageously be raw. or refined, .totall r partially, .and

bt a1 nad bR GRERER SR firyPatinh te eaBmiicdiRn Sk PRy o5l

pal m ker ngky 2 Phiti¥E of EREONMorkadMEininaky RBRA thaBer @Bnt i the idiSd! ZeslitD O

exhaustive The oils of algae or fish are also relevant Animal fats are
1

advant agéousamersuk of teamediord b Wharely g fatieieidnppedarlss paesdtieat rom t he
food ind Uedlbe ¥ %&{s&%dacrdri@ e G GhAiAG LAEUShEL i€ Feflected for a catalyst that

implements said modified zeolite according to the mvention by improved catalytic
properties, 1.e,, a better conversion.

One objective of the invention is therefore to provide a process for treatment of
feedstocks that are obtained from a renewable source implementing — in one
hydroisomerization stage downstream from a hydrotreatment stage - a
hydroisomerization catalyst that comprises a modified zeolite-based substrate that makes

it possible to obtain high yields of gas oil and kerosene bases.



These feedstocks essentially contain chem cal structures of the triglycer de
type that one skilled in the art also knows under the nane fatty acid
triesters as well as free fatty acids A fatty acid triester is thus conposed
of three chains of fatty acids These fatty acid chains in triester formor
in free fatty acid form have a nunber of unsaturations per chain, also

call ed a nunber of carbon-carbon double bonds per chain, generally
enconpassed between 0 and 3 but that can be higher in particular for the
oils that are obtained from al gae that generally have a nunber of

unsat ur at i onsAp&iherC Bgjedtivef o tHeOiention is HBrokiees Wresd gt wadi@efy e5ent in
the feedstocks that are obtained fromrenewabl e sources used in this

i nvent i ofeetliesieodaner £ias a rppviBRle soprcaMBRIETEHINoN & osipidEysuRerFation

trigly Cegtbsieedmsﬁ%% orr?QYlg&%éQaﬁ &J Sagd®! YERLQ t@d@CEo:#gnéég dshes&afaedst ocks,

t he unsaturation leve ressed in terns of the nunber of unsaturations
per hydr epdifledrediat that mhiadsnt pdssibrdy anttegibe 181°¢ - bebvieehod paddcttn The
feedst ocks that are obtained fromrenewabl e sources generally al so conprise
various inpurities and in particular heteroatons such as nitrogen The

ni trogen o PR Invedtibnt Ne vegetable oils are generally between
approximatély 1 ppm and 100 ppm by wei ght according to their nature They can
reach up to 1Mobs spesifighlly.ithe prestiquiedatest toadpmersk §or treatmerprgfdeedsipekt age a) of
the proc%ét%an%%?rgrda{ r%g?&e%lé&%rce%vgg&nﬁpm%éJﬂgfglﬁ)%\q %8?% can advant ageously
undergo a pretr re-refining so d elimnate, by a
suitable t reaa)rr&h;td,romnﬁamima!ﬁﬁ presanch ofia ﬂmtia:les catalylse at lhetembatura ef
conmpounds, for _exanple on ion- exchanggere3|ns aIk i ne-earths

d
phosphor G&wsgh 8% 2ad (o7 nsrit Bressyie BE betpgen é%’?}la@ RelFas plodp h%‘l?frys and/ or
chem cal \Lf.cal B aagt@@# befi’ﬁ@en"@ Lt kReYe 1t g t@w&eﬁ@& o e qaa&&lfy

Accord|ng to stage e process according to the invention,
f eedst ock{ hpprogantbi  mixed rve&it tbd feddstoblr eunfyhthati the by drogerdfedsip dkhratio ﬁs xed- bed

cat al yst n 200 and 450C, preferably between 220
and 350C°¢ Wel&%ﬁ@f@ﬁédﬁg ﬁ 0%?8?%0 °e58%nd 320C, and in an even nore
preferred manpgr Shekspan s&a&ga&dm%kféceﬂmmpmassumamsd Fetveeige 1)) Vi Pa and 10

IVI-Pa, in a preferred manner between 1 IvlPa and 6 1VIPa, and in an even
more prefdiogen. Ashand BEEWE R HyUeurPn e 4 NLI Da The hourly vol unetric flow

rate is bet Weleg f &mtgo&aemo&%f%ue@;b% go@@mw%l@dﬁﬁ@%ntb&g@w gont act

with the cata In the presence of f%/ rogen The total quantity of hydrogen
m xed wi ohtaided fi@ecﬁ'ctgﬂck) 115t preservat o héi‘#@?d)ﬁd)dﬁé’dtﬁf%@ﬂ%@m caelve, i s

bet ween 7 d 1,000, N8 of. h en/ nB, of erred
manner b&q\fkgﬁ s3if Ga%lﬁgl PEB" r%aqéefa Onﬁrllg(éjrgndﬁﬁgqegieng 8ne%lmg Qpﬁlapisge@“?‘:{n stage a)
of the preeees g&ﬁ@Qﬁﬂlmgnm@dbhﬁw fveR toif @fbup VIB ahti)gﬁd:pb‘éﬂl cBthalbpysddid S
advant ageousl y. a hydr ot r eat nent Catal%%frﬁ% at conpri ses

r

hydr o- de P 0gkemaby ek Bicty 8nmde sigateyt ate%lzpfﬁﬁﬁe adtast °B% group

VITT and/y@h, gl Vlz%u&%%sbyn mtltﬁf»ﬁloi;er@m aioan@rﬂwfun%on@@Qmﬁu@wpgﬁ rate that
is selected fromthe group that is fornmed by alum na, silica,

si | i ca- albatwenm$,5 #raigibsindnitie] e, n@wamtalﬁenmmtaimeim@fmlabyIvevagltt thagds of t hese
m neral s ;rregl eSrOXI dzéu%t He tiventoatlhg QGtgf w§1 9 QF Elllxm?n%?[} a}aﬁa%) EJIB%E[FCER rH?O“”dS and,

for exa are selec rom group of med by boron
oxi de, zize€laa) & idifidl afedspoexictieme and mh&s@h@f byz ;ﬂfﬂgﬁdrpcﬁmﬂib@y piaefier r ed
substrate is an al um a sub trate, and, .in a very pre ed nmanner is
q-, 5-, &Feajerdhamg andan dpitidraaysjadting Rarapceintoatfe a§[€‘§2w&m&éfngﬁlyst t hat

conpr i Se%zﬂ‘% %let%ve@é 29@»@”#? aMh b Bbh}it wﬁéx%by%eﬁ‘cﬁ eEARL Y5 sRugrHad, Ly PBuAIONg
ni ckel and cobalt, taken by itsel in a mxture,

treatment stage that consists in the mmng of said dealuminified Y zeolite with a basic
aqueous solution, and at least one heat treatment stage c), whereby said
hydroisomerization stage is carried out at a temperature of between 150 and 500°C, at a
pressure of between 1 MPa and 10 MPa, at an hourly volumetric flow rate of between 0 1
and 10 h?, and in the presence of a total quantity of hydrogen that is mixed with the



8 preferably conbined with at | east one netal of group VIB, preferably

sel ected from anong nol ybdenum and tungsten, taken by itself or in a mxture
The content of netal oxides of group VIE and preferably of nickel oxide is
advant ageously between 0 5 and 10% by wei ght of nickel oxide NiO( and
preferably between 1 and 5% by wei ght of nickel oxide, and the content of

net al oxi des of group VIS and preferag)l y of nolybdenumtrioxide is

advant ageously between 1 and 30% by wei ght of nol ybdenum oxi de (NI 003),
preferably 5 to 25% by wei ght, the percentages being expressed in terns of %
by wei ghtechghat kg he hbayhRiah/ rdeBsscOfatibNE bedledh Y®tand 1,000 Nag/hobal content
of oxides of netals of groups VIE and VITI in the catalyst that is used in
st age a) fdedstagdkvant ageously between 5 and 40% by weight and in a preferred
manner between, 6.and . 30% by weikght ..re ' o;. di.e. . o} e
cat al yst Q) Tﬁe arr%’tolgb S%‘é’“ﬁf‘gﬂt tl}ehgﬁgén\éeﬂé{l(tpirsegtgaélhg% ﬁotngr%?r‘lg’re o%)’ ¥r)rllgt al oxide
bet ween fediahen( @fscsMhabskasobnggnul Medaddonrtmbengdaseret al s) of group V11 is
advant ageously between 20 and 1 and in a preferred manner between 10 and 2
Said catalyst that is used in stage a) of the process according to the

i nvent i Ofyek.i.aHREFERPShY i Rnlign Characteri zed by a strong hydrogenating
power so as to orient as much as possible the selectivity of the reaction to
a hydr ogenat i Shispresspy impartitidarhudtyoreddp teapisprataaropssasfoit a1l keseseye chai ns, |

ih q g . [ . .
ﬁydr E)cgr E%eﬂ;i%é%f )é%/r?eﬁsgg[%dﬁ%nft 5 etegpg?v@?lg? ;ﬁﬁaf gpﬁ@%&g} %&%?@yndé?egdﬁg%gsr gas oils

This is whpidebEroapenavitdnsdusceper formed in a preferred manner at a relatively
| ow t enperature Xi m zitﬂg t he drg{?enati ng, finction gl.so makes .it possible

h
to limt the mBactslsRsksy tp%whﬁrfeé 9 RS AP IS SONSTRIBIFS 4R i BN FEREThg to the

for mat i o 0f g aRkEecFtse el drode aaae teh@lsSnaThds idr)p 10k of REintAtoakt bE _
performances Prefera Ic?/, a catalyst of NN or N I\/beta%pe is used Said

cat al yst ntin@tesiof sughefdedstpckh sonipuning Fiaskeerides and/eifccafitin pcidhendnrseisss

accordi ng,to_the.,inyenti Vi : i el enent
that is gfélfaé’%%eé%l‘? &&%%@%&gﬁ %s%ﬁ%’r%g{ Ogg‘gﬁ%g’ﬂg%,hytoggeﬁ% &?%g%ﬁel%es or in
a m xt ur érobaithe dolpiwigg eplement camin, banflowerodughedn,i palon, t fudmketred, x olove,

preferably be deposited on the substrate Jt | 0 possibl e to,deposit

si licon GR°tHE aggggtfqp Beisgely b St & 2 a“ﬁh\_’)%gt%er EIIES %fflﬂdg‘"ifr‘_’rbfobsrhoaﬁgand/ or
fluorine ,i68 relevant ARBndt &M £8hdRMMBHERE seRbte@NiodCarBEngSiaidthrdapcagpRkenent is
advant ageously less than 20% and in a preferred manner |ess than 10% and it

i s advantdgesadion e faddsdusgpei ghtained fromiatenag Mdstyes t he catal ysts that are
oot 1% 203t ALUAL BLASTEOIH] ER:RERSSSED BABLE e
met al s that one skilled in the art also knows under the name fatty acid triesters as well as free
fatty acids. A fatty acid triester is thus composed of three chains of fatty acids. These
fatty acid chains in triester form or in free fatty acid form have a number of unsaturations
per chain, also called a number of carbon-carbon double bonds per chain, generally
encompassed between 0 and 3 but that can be higher in particular for the oils that are
obtained from algae that generally have a number of unsaturations per chain of 5to 6
The molecules that are present in the feedstocks that are obtained from renewable
sources used in this invention therefore have a number of unsaturations, expressed per
triglyceride molecule, advantageocusly between O and 18 In these feedstocks, the
unsaturation level, expressed in terms of the number of unsaturations per hydrocarbon
fatty chain, is advantageously between 0 and 6
The feedstocks that are obtained from renewable sources generally also comprise

various impurities and in particular heteroatoms such as nitrogen. The nitrogen contents



The scope of this invention would not be exceeded by using a single catal yst
or several different catalysts sinultaneously or successively in stage a) of
the process according to the invention This stage can be carried out
industrially in one or nore reactors with one or nore catalytic beds arid
preferably with |iquid downfl ow. According to stage b) of the process
according to the invention, the hydro_freat ed effluent that is obtained from
stage a) is subjected at |east partially, and preferably conpletely, to one
or nore separations The object of this stage is to separate the gases from
the |iquj [ t - r.Qgen-iii gla%,e that can

al so conlng?jgg%fg%é&@%c%ﬁg%%wgﬁgg %%\éﬁémglﬁtéyglp glsa{hdolr?grblpl q iﬁelﬁgﬁr ocar bon
base wi t hccarding HhubeicondrentTheshan reshlupss | YoHanwd ghtpp parbyulweiegdstocthe separ ati on
is carried ouf .accordi ng to.all segar ati.on t hods t hat ar.e énqwn to one
skilled in the"dri S e%éﬂ‘ﬁtf?%ﬁes FEPEtipg Ao JBR ANE RS0 (8 FoEO M Bi%enent ed by
any met hQ@ahﬁQ&ouE? KRWR 4 o ranemsdt bl 9tb-lefiniBestet so 86N eidGinafeOby exanpl e,

t he conbinati on of one or nore high- and/or | ow pressure separators, and/or
distill aﬁm@hiestra?g@sntarmmmfmﬁn@msurghas’ aretdlpnliky ds gfkaliae rqoppPrHRissteges

The wat e ' ' | Ly: fo I N £ o eat nent
of the p%?f)ac sés Olé(%:%rgrg%ﬁh%%t {)egltna’e&{gﬁ\%%fy Llrt%shgg‘gﬁﬁ%ﬁ%gg&gd\a/%ﬁ{aglé%é%gﬁﬁéy%e

separ at edarabe, feastampbe; heal tteptrienonartdhe chemqualtrémydergs drabere Wels éndilvetesepar at i on
stage b) car]%lﬁ eref ore advant ageously be foll owed by an optional stage for
el i m nat PERS'O1%dE °5st a portion of the water and preferably all of the

wat er . AB&@RE tORAke b 30ehd PockRtBiordiBBY #e MasntRS, tHeSfeodijREt toO
elimnate at |east partially the water that 1s produced during

hydr ot r eaptisatly pesetpdisbrp i matraactoritivafissd-bed @iyshalp areRETePf mi nati on
of the i u ygenatdeen: ( H | The nore
or | esswgét%rr%f%?‘ gé ea{";a nt‘{% Irrqsa)(?’i gr%g%@ﬁf %%\A%??r%éc%ﬁ ﬁ%dog’agga&[}?)?)ﬁfe%{ﬁgq{%@gfance to
wat er of peRReYZ HidSIVIRE | #dtih @n cCat mbyirefeed mhsned eveb 22 endsilisequent
stage c) of the process accordi n?qto the invention The elimnation of water

can be cdhepeEssusut betrpepy MRy arst 1§ MEanisaseferethaannse hamgees Mo & o one
skilled kot r i UNR i i.ecant,
Flash. ol A, B bn b e D e Pl ng ¢
t he i nventluortricdtow mésis batwsen Dildn] amtll (pir-éf dhalidedstathf isdbiougheintd guiadt

hydrocar bon base that ,i s obtained,at t nd, of a Lof th ocess
accor di né‘”‘th&gft‘ AV EEPERETE dP BT, eﬁ?%&q‘fﬂﬁﬁ@h@%ﬂ%"§8’ﬁ@é"e DY RS0 bed
hydr oi sORRY feg@tdc@ns GRhahytShe hydiesalfyedsatld raatiabyisicet 00RAN SES0 M3 eAst one
hydr o- dehydr ogenat i gg metal that is selected fromthe gr ougﬁthat i? f or med

& o0

by the mbyéiesensm3 g dagisiacls &l of RiFEEs RS roetwenpei il 94 AB1%eot t aken by
itsel f or.jin.a Tk d a substrate that conprises at |east one

deal um nih?’elhgé ¢ zég %tgggoﬁat has an initial overall atomc ratio of silicon
to al umi num ofn kegeveknf theSprapads 20cording itmithe mivergiony ghenbreddrdd etalyst mum at om
fraction ight that i reater an 10% relatiye .to the total nass of
the'al aneitaeRdin o BrubBedER’ Shalidt e Ve iEokBaMa s Vo
i S measurggtiby tHat E6rRg88s RAERSbEhEy dfhadup BIDARIA@rodp B, aked birltsgf ~, and an
initial crystalline paraneter a, . of tggz el epentary ”fsifg th(ﬁt i.s between 24
38 A and o2 BUIAUCHIEEHPsEds thayissriested fremipaErHR oA ETEIBRhEY 8™ dpar ti cul ar
process The, HydLoyemald BRFRAS lays, and the AREAFAING: 1ER: LS of AYENELERAIs t he
catalyst that s inplenented in s%/age c) for hydroisonerization of the
process dbcosdistigetant e ndveatrzeousc ormirin sgberatommasds gnd for example,

hydr o- dehydr ogepat i n al that | el ect fromthe, gr .t .1 s fornmed
by the m?%{‘&{% 8?“&581?1%@%%”“ %ﬁ&lc{lﬁff:m%é %r%}g(g?y (ijgrg&po BB?Q%Oglkaéﬁﬁ Qm% hensel ves
or in a mixxeldrd phosphoriPagifyitiabl Yhe plofered entdits i0in guair sWbidateaned, del ect ed

fromanong iron, cobalt, nickel, ruthenium rhodium palladium osm um
i ridi um aolenpRIEkeITAG FATREKER ThyOt AhEEMSs or in a m xture

Said catalyst is advantageously a catalyst that comprises metals of group VII that

are preferably selected from among nickel and cobalt, taken by itself or in a mixture,



In the case where the elenments of group VIII are selected from anong the
noble metals of group VIII, the elenents of group VIII are advantageously
sel ected from anong pl ati num and pal | adium taken by thenselves or in a

m xture In the case where the elenments of group VIII are selected from
anong the non-noble nmetals of group VIIlI the elenents of group VIII are
advant ageously sel ected from anong irgn, cobalt and nickel, taken by

thensel ves or in a mxture 11 Preferably, the elenments of group V1B
of the catalyst according to this invention are selected from anong tungsten
and ol ybdgnwty doakiieddyith he el ves netal iof goup X¥TBY Breferably sklactehdrogase where
t he hydrogenating function corrprl ses an el enent of group VIII and an el enent
of group2¥PR3 ”‘E’Wg dergint et MESLBIHFARDY B G0 AEYEEE are preferred:

ni ckel - mol ybdepum,, eRbat B&eﬂﬁl&mgr&@mﬁy @*ﬂ@lanhu}ﬂge}m omb&(lai okiwpgsten, and

in a very preferred manner: nickel - denum cobal t- ol ybdenum and

ni ckel -t arﬁ*gmtaenousty bgwats 6 SpU@SIQ% éytve%lgig@fcml naide dN@)o&ndt picteeabiet al s,

such as, ,for e ni ck obal t ol ybd i nation of
net al s oPetéerS‘ﬁg %Bég/&% Wer“cgn g %Fl crmsi(lle'yugle(gEhlé élteélgl?f %ﬁha? O%ggst?) 70 %pr ef erably
used in WIBLHQBL[j’rbeﬁﬁlyf@iTﬂibEybdenuni pidkhie icagennenslst betweat alaygt30R0bpri ses at
| east one netal of group VD3 in cg Igﬁfg% on vmt st one non-nobl e

t

metal of 5Pt Malybdepta orideaMely @rfbu?) W){SBWF@ﬁhd%ﬂ‘%f&f‘g]é@&%I y
enconpassegl, e!qﬂes%é& ﬂ?teﬁﬁéjbf“’/@lb?%ezgi@?etié’t%@o Beaid AR0PMNRIGRE Tel ative to

the total nEss of said catalyst, in a preferred manner betvieen 10 and 35% by
wei ght and |nTaeve¢w0meetfce“rmeds nﬁmnfers Oﬁetﬂmemsﬂéh@ﬂm%ﬂwtab@ﬁt@#ﬂls and t he

non- nobl e t al t ent 0 V i t n )
oxi de eqdf%g}n %%ge efsmgggﬁntﬁg?uqﬁdjh bsf/awer ‘%gé‘i% %#éggt%?{t 1ee g aI rrass
of said eahatistweend adaeeﬁwwa@hmﬂnﬁmbmm_maas aiittle &falpyt wei ght and in a

very preferred manner bet 1 5 and 6% by ight | In the case where
said catal yst é%r‘ﬁfroi %%’e@meef@ééste%ﬁéseﬁé‘ﬁ é?rmé\flc’\?@?%d”ﬂﬂ?@qt‘ﬁeee W& i on with

at | east Qnasna-HobYes rf@h«?étas%r SEAKP QNQBuﬁan:ﬁ i€ At o &AN b@ e 6h 20

advant ageous?y corrprr se at | east one gr ng el ement that i's selected from
t he groupﬂdhandmw%@maﬂsﬁﬂhemﬂ18@11 and phosphorus, taken by itself

O 8 xt ugess MBLEhY ShesaaRLERE o0l tﬂgerngssegcgmryg LuPLsLaLahLy beteen

0 and 20% by wel de "of enent, erred manner

bet ween Qdﬁarﬂd’gﬁodsﬁ%cbye Wedrghérized hya atemg hprimfgewatmg poBiRN 8 asbe:t e ad 1 and
10% by wei g referred, manner between 5 abnd 6% b

an, even 0.
wei ght r &t .%O%Sﬂﬂ% R@ SF'&F%‘{‘tyn"gDé[ée I§fCti0R 40 éﬁr%rp%rﬂﬂoﬂ PIeESCI{iRg (P

hydr o- dehy diAgaNak#IE & ehe ey chm@ ﬂ@b{h% Hﬁhﬁieoﬂfgegitﬂiﬂpm\!ﬁbd idhes gat al yst
preferably contains a content of noble nmetal of ‘between 001 ‘and 10% by

wei ght , imrrxémizeienyialdrad hydefcerbpesdenieiimgdhe Oeld of destiflatign ofdsresaresraaiari ve to
the total. ipss Alis Rabek F2LBLYSL TNErHARY T Bt SmPlEE & ARLA S BT 1 11

reduced &nd non-suffuri zed
temperature Maximizing the hydrogenating function also makes it possible to limit the

reactions of polymerization and/or condensation leading to the formation of coke that
would degrade the stability of the catalytic performances Preferably, a catalyst of Ni or
NiMo type is used.

Said catalyst that is used in the hydrotreatment stage a} of the process according
to the invention can also advantageously contain a doping element that is selected from
among phosphorus and boron, taken by themselves or in a mixture Said doping element
can be introduced into the matrix or preferably be deposited on the substrate 1t is also
possible to deposit silicon on the substrate by itself or with phosphorus and/or boron

and/or fluorine



12 It is advantageously al so possible to use a catalyst that is based
on reduced and non-sul furized nickel In this case, the content of netal in
its oxide formis advantageously between 0 5 and 25% by weight relative to
the finished catal yst Preferably, the catalyst also contains, in addition to
t he reduced nickel, a netal of group IB and preferably copper, or a netal of
group 1VB and preferably tin in proportions such that the ratio by nass of
the netal of group LB or 1VB and ni ckél to the catal yst i s advantageously
between 0 03 and 1 Sai d hydroi sonerization catalyst that is used in
stage c) of t ; | Nt o IS, trate
that compri sedtstonenay SEEREEEPRAAL ST, dPLRH At IO MR SRR IS

oxi de-t ypenpmeeusd ik nepalerm@tnidnker Wwhethabyi 0%@iatd Sulxssidvatmesniprdtdest and

pref erably ﬁgnsists of preferably. 0 1 to 99 8% by weight, preferably 0.1 to
80% by m@#@ ﬁ, and in an even nore preferred manner 0 1 to 70% by wei ght,

and in a veryTRE ef&lis %Fl_tﬂ'@-&ﬁeﬁfstgﬂl:ht bR &Q%@Mta\geiag%p nfron@ehédied geolite

according to the invention relative to the total mass of the catalyst, 0 2

to 99 9Y%plrespeicgbrdingpp die rabhiipn2ge solfigged getilnonmgagpeaseeandmisiietblB0 t o 99
9% by meg 9%&egggu&? a very preferred manner 50 to 99 9% by wei ght relative
to the total mass of catal yst, of at |east one oxide-type porous m neral
matri x The Zedht s@phad diigimgntian theld ooy batk@aded by usind\e couehi cagnlyso ot he

invention, the .initiall used zeolite that is suitable for, the
i mpl emenf%‘terag&Lﬁ?f@ﬁhéﬁ%&ﬁétsr“aw&nacr%iw é&‘fcﬁf%% i‘rhﬁFaeqFrﬁﬁt‘gdtthF PIPFRSS

hydr oi _Soﬁ%dzcﬁﬁ% i OBheStaaRich) Phis kRA8e RAOEE $8rRE CRAE HdAghly ihené Byaéon is the
dealumnified (LISY) Y zeolite of the FAU-structural type According to

t he i nvemgaictons withend eri morglcaglyal bedsrin ipederybly e liquid ¢ranflosv. sui tabl e for the

i npl enentatio . e Vi | i

hydr oi soner i zac?%)rﬁ}ngﬁ %ggg%ﬁ gﬁt%f’ %ancrsgoagg@]&siﬂﬁgctgtél%%{ﬁ%ﬂt!tog’ ﬁ%ggﬁﬂﬁ)\%‘% ?on has,
bef or e beffhgnirddi fis ebtaired frovh tskaak a)viersabjectad amiileast atitielinf amsl piefwably 0

al um num of ﬁeixeen 2.5 and 20 0, pr fgﬁablg‘getmeen 26 and 12 0, and in a
pref er r e@OHBEHE: 1B APHREHOE SEPAREONE0J he RISehPh 5 Stk s 1 SSBYRSI R 89563 num at om

fraction gy, wWeilghid 4ndah phsicOheateEovehai hlAfceprieh eiablnit BlreaiLlontdi@n 20%
13 and in a preferred nmanner greater than 30% by weight relative to the

total nagssespudhas GP ard ROmand at lepsd ope bgwd hydnecarhen base Witha, sulfr ¢antent a
l. i1 i et hat i 007 m
MESOpOr € Q! 4k %ﬁfﬁg%ﬁﬁgp%g%légge@hggé&?dtm & Yeal W o&tsao%%ﬁfggf{o %z*?a”

preferably greater , and 1'’n a preferred manner eater than O
13 m gl semmadioannéthodsi thht oe kabwh [to nee phtladrat e @b Ghe tdperaglos gt any nesh
that is 91 \t/avr\xl?aegréoé?y e8 ir@plg&gntgé bg %nf/b\ method that is known to one skilled in the art,
such as, for example, the combination of one or more high- and/or low-pressure
separators, and/or distillation stages and/or high- and/or low-pressure stripping stages.
The water that is optionally formed during the stage a) for hydrotreatment of the
process according to the invention can also advantageously be separated at least partially
from the liquid hydrocarbon base The separation stage b) can therefore advantageously
be followed by an optional stage for elimination of at least a portion of the water and
preferably all of the water.
The optional stage for water removal has as its object to eliminate at least partially
the water that is produced during hydrotreatment reactions Elimination of water is
defined as the elimination of the water that is produced by hydrodeoxygenation (HDO)
reactions. The more or less complete elimination of the water can be based on the

tolerance to water of the hydroisomerization catalyst that 1s used in the subsequent stage

¢) of the process according to the invention. The elimination of water can be carried out



Preferably, the initial dealumnified Y zeolite that is suitable for the

i npl ementation of the substrate of the catalyst that is used in the

hydr oi soneri zati on stage c) of the process according to the invention, has -
before being nodified - an initial mcropore volune that is neasured by
nitrogen porosinetry that is greater than 0 20 m gl and preferably greater
than 0 25 m g-1 According to tike invention, said initial
dealumnified Y zeolite that has an initial overall atomc ratio of silicon
to Si/Al of between 2 5 and 20 O, preferably between 2 6 and 120, and in a
pr ef er r ely mannéthebmethednai7tedndq e qnows & dnoviehed In Be/aAl fatorimplerlat i o t hat
IS rreasured b n)émf uor es %Sr}gc%nﬁ{lﬁx% gn(%mtlg]at has an initial extra-network

al um num Q’t o on hh M %reasur ed by NNIR of alum numis

greater than A@%rd:ﬁgﬂﬁ eta@éoé)yofgnep:toeéss bR 20 ¥ thamghehfiod apleatier soedodmanner
greater than 30% b i relative to the total weight of the alumnumthat

ht
i's preseftd prsiarapdy %lémﬁhgéiqwd|@d@sﬁfapﬁé&ﬁewt&e%htwwf ¢end Hfigtage byot

FAU-str U@&e%@ées& é{&%rdeZf%%é qrﬁfemonai@%[‘g)@lfmst)&@n%% i {S‘:‘egén%%f Q@NQE%QPC'S t hat
are known to one skilled in the art Preparation of Initial Dealum nified

Y Zeol i t bydroisomerizatihe @A@lef%t mreteby abaid m@im meolpise whdeasadvantadieousl| y

cones in Y for af t the dvant ageous under.go on nore ion
exchanged Bararei fefRL MO RE oG IR FRUEREI Wl o e R

deal um ngfdugarmmmdtdf%adujfm of th fpen&ﬁbtas&ter tkbnbalitsdly pein¥a AeGhde! shdthat
general ly has an overall Sl/AI atomc ratio after synthesis of between 2 3

and 2.8 EHtalgVaHtRgwEsS ¢ 5Bt pRp lertwRndedny %ﬂvedhatth% apgpriguevadht are

known to, Qe %éﬂo' laPQm'th kD&M ihurh bfob il &hes 5 8ddMRNNGT initkh @xAigatiuhni fication
is carried out a heat treatment in the presencé of water vapor (or

st eam ng ab}@@@ﬁdu&ﬁ@ fr@ct@ndzlyl weightehati m@tee@y)haada?/@relbtyvednéhmtotaim@s atid
attacks E ha;}lunq‘{r}e a!ggt JF“ & l‘in tl¥e ze”Pl _aLlhmltEEg me\éwmg angrie théM 1P|éneasuraaqueous

sol uti on of anlc aci

deal um nbjnmabgemnpmsmm@pyemwtsegrebw ahdnea7t meat pend ahohﬂnw/eﬂymhﬁme or nore
acid attacks or o i

one or e .acid at Kk Preferably, the heat
t r eat menPaREReEHE r‘é%élﬁt‘f’@m&fy ‘E‘R&ﬁh ahgH %fwe%ﬁ‘aﬁ% gkf“idl*?é 3¢ éewb?r% faid subj ect ed
i s inpl egenhed nddifed REDRIALYE Sa@buleivean 200 and 900C, preferably between
300 and 900C, and in an even nore preferred manner between 400 and 750C The

duration of said heat treatnment is advantageously greater than or equal to O
5 hour, preferably between 0 5 hour and 24 hours, and in a very preferred
manner between 1 hour and 12 hours The volunetric percentage of water vapor
during t MéefhigdtostusintPhede i s advant ageously between 5 and 100% preferably
bet ween 20 an% 10Q0% |namanner et we %and 00% The vol u trlc

fraction ot hef*tHaHE Heth§ Py BHAF p?%‘g}éﬁﬁtt o MREPITeS & FBEME BBy air The

flow rat % @[%mgﬁa%nie@lwf‘d? Y e8! a¥RPRAg A thORiVELTA l:élmﬁdsres i 184V 8 ageousl y
bet ween (g and 10 L|/h/g of the Y zeolite heat treatnment

makes it hm@@gieby ogaating waet that wntlaced Bewortke grooprihahe fpmﬁelvmt‘rhk mgfalg he Y
zeolite ya %I{OIEP @h%&&h&' Aalt BB QUFKAB! o/t n B QIS of Rl Rix@fre t € unchanged

treated ze
Preferably, the elements of group VIII are selected from among iron, cobalt,

nickel, ruthenium, thodium, palladium, osmium, iridium, or platinum, taken by
themselves or in a mixture.

In the case where the elements of group VIII are selected from among the noble
metals of group VIII, the elements of group VIII are advantageously selected from among
platinum and palladium, taken by themselves or in a mixture.

In the case where the elements of group VII are selected from among the non-
noble metals of group VIII, the elements of group VII are advantageously selected from

among iron, cobalt and nickel, taken by themselves or in a mixture



The heat treatnment in the presence of water vapor is advantageously repeated
as many tines as it is necessary to obtain the initial dealumnified Y
zeolite that is suitable for the inplenentation of the substrate of the
catal yst used in the hydroi sonmerization stage c) of the process according to
the invention that has the desired characteristics and in particular a
fraction by weight of extra-network qllun‘i num atons representing nore than
10% by weight relative to the total mass of alum numpresent in said zeolite
The heat treatnent nunber is advantageously less than 4, and preferably a
heat treat menpcfduis AL dichRnRIPAHAS /B oftthe cRAsOfccWIngho € idvedGdd On by
wei ght of initial extra-network alum numatons is nmeasured by |IVIVIR of the
al um numire selecteGSHomemang tgdstemand melybdetumnitaieniby dtdrewlves osiaiadnivtuzeol it e and
to adjust the rall .Si /Al L.GC..rakjo.. : 1 nifi ¢gplite to a
val ue of bet wlélg}r/}gﬁ&g %h%é @8 hgé@g%néfuﬁghlngt@%%gﬁqﬁ\lfgﬁ?ll %ﬁg?,n@ﬁttdfi%go%ecessary to
proper | yaskhecdesdid sfogotprviBheho fdfatindgombindtidisons nefaleachpstags: of aci d
attack In. aIrtlcuéﬂ%r, the te e(%gture, t which theItreat ment, .by the aqueous
sol ut i onEKeIMPfEPdanuBy CARYARPIEOSEH . PET AHIESHTENtPa! S ReA B AH t he
concent r atdrQRd0hadnle afckdl-hbRbddnsmus6khit-hi§bddtihg aRehREMuARenduan i ty of
acid solution and the weight "of treated zeolite, the duration of acid attack
t r eat menalso aasbillhde uiscominatian of Hupb aetilssidnentedonme!s ingel¢abakit
par aneters fb(arnut he i npl ementation of each acid attack stage The acid
that is ser[yecfaeénfor the inplenentation of said acid attack stage is
advant ageous| Wheh tahembananibn ef aletadsco fickroup dB endjgroup Valiid psqar deenablky, the
acid is a Finer I bEcdi]ddthat h\s S kected fromanong nitric acid HNGCS,
hydr ochl &P RIETFEORCISS R %"Macid H2SO4 In a very preferred manner,
Eﬂe acl Sl_ I's n_m}j EHSI(ECB%@OIZ%BW% @%ﬂal?&i’tgﬁsﬂipﬁs@céﬁgeh&? dﬁ%gﬁetﬁp?fh gmpagnmtn?ttﬁck,

e acetic acic ! is preferre referably, e acid attac
t r eat mencombingting withk ableptt onp pomnokle metil of swrntViBnthefmetalioperuef giey or an
organic hd. | 8, (q:gq e : f 120C,
prefer abﬁ@ggse%%}éﬁgé‘gl atr'?ga?%&% gln%rg(l?%l i%feggebre%%%%ggr%}%g\%éﬁp60 and
100C The rdgheeantheatoiad masf ochGidcidtadydthe sgoefeoud mmahartieovech d Oadd d0valgeous| y
bet ween 005 and, 20 nol ef erabl y bet we 0 d 10 | 1.1, and.,in a very
ot ef o r e U EH N 5e{RERRTEo8 TB RO o b 0 A o Bt 5 P e of
aci di ¢ sl Qrey 1dF Foug It Be 20RdrBiHeoRlly hedhpMsed, 260hiide egui’vﬂetﬁir ans is
advant ageousl y bet veen 1 and 50, and preferably between 2 and 20 The
dur at i on bettveeh8 Sawidd 0t bueieight rekaivane Hgdedk mpssafrsaid qtahyst ingurrefesedf er abl y
bet ween r r nd. i ‘ mann n ours and
8 hours %ﬁggés%u%gg%gi %gngg‘%%ﬁaﬁ%gc’aﬁ %aﬁ@%ﬁﬁéﬁﬁ%er o?ért%g%%ﬂ?eso ?C?e by an
aci di c aglepuseigl uti on i s advantageously less than 4 In the case where

several successive acid attack treatnents a i mpl enent ed, a s sol utions
of m neral acﬁhﬁﬁrcaéFd%ﬁFecsﬁgicamg’ﬁt ﬁ?r?ﬁfréglﬁ%ﬁ{ ?eﬁéﬁng‘?ecmg{&@gﬁf"ruggmé“ can be
used  comBPRafsh Whadl sk dnbercAUMRLR! hel bALrAHONIE, :al k&aRbt Edialso
dealumnified Y zeolite to a value of between 2.5 and 20, said ratio is

measur ed 2ByRnesEousbr exseRsise &t keastone depias elemenichatye seleded Gom the gabmint that s

i mp erre“.tcsx&*sisﬁse%f %{gégnt %Broga&c{"@xo\%gfgcﬁﬁseQakgh'tbyﬁﬂglf% iae 3%&@&& Me?e%g eot (s), the

zeolite is't vant agebus ed wmth'distill water and then is dried
at a tenpentattuwfelopingodemeens §Gfantdy b4BE€eh Orana 846 ibgdvaghtbdtomslernf e and 48

hour s . The treatnent cid attack es | ossi bl.e .both to extract

t he al umdﬁﬁ’ﬁgae‘t?%’?@%f Fofh Rrﬁrgx'??é’?%’%rr E%Wg%ngboa‘éiﬁﬁg"cgy t“ﬁeég%é’l i ni at ons
from t he phgees MindehBetee@ 0 1 ia6d $O%itg Wditis, andle af ¥ednahbre Prdfédedah@ifiee rati o of
the dealumnified Y zeolite that is obtained increases up to a val ue of

bet ween 2eBvesnf- S2od Shey eBghkislagive odhe fofal massef thaptelyftor t he
When the hydro-debydrogenating element is a noble metal of group VI, the

catalyst preferably contains a content of noble metal of between 0 01 and 106% by weight,
in an even more preferred manner 0 02 to 5% by weight relative to the total mass of said

catalyst The noble metal is preferably used in its reduced and non-sulfurized form



16 inplementation of the substrate of the catalyst that is used in the
process according to the invention Li kewi se, said initial
dealumnified Y zeolite that is obtained and that is suitable for the

i npl ementation of the substrate of the catalyst that is used in the

hydr oi sonmeri zati on stage c) of the process according to the invention has,
after dealumnification, an initial nesopore volunme that is neasured by
nitrogen porosinetry that is greater than 0 07 preferably greater than 0 10
m and in a preferred manner greater than 0 13 nil gl, the creation of
mesopor osi ty heasalitdnmgedusbymitpossibia motsie ancapdlysa khatriintasedivomeduoer sidde of t he
pores of the zeolitic solid and an initial crystalli.ne parameter ao of the
el ement aPf§n- i ’Zf‘bwarfwlf bzﬂ v@@n‘"""’éﬁ’ 3 A“@ﬁ?f ps l3§.1%"‘1Am it Oxggg)qnni[ﬁi al

deal um niijaafedoZBObbRet NS dn8 D% by eekigiSelady ant dgeRusied bagiyan initial
m cropore volunme that is nmeasured by nitrogen poiosinmetry that is greater

t han 020 Praferably, e sralvainlse epniansein pddaipnoipshejeduced nickeha metak P W and

nmesopor e N1 fel, \f‘%e [ : ~
adsorpt i Sﬂn? [édég%?eﬁ%l%%gl@eg%?t& ?%ggtgr?ff”ang t egﬁe%ﬁeggﬁg[r@?y&%&%éug%ol iteis
measur edttay the ratip loi fifassact ihenmét@RD) gPrpdBss P63 aMbaiidkie &t thencagfiysthe [ niti al

Deal um ni Iii ed Y ZFO| ite g}cq%or%i ng. to the Invention According to the
i nvent i oAYARHECTH Ty e ified Y zeolite that is suitable for the

i npl ement at i oggi@fhyliRgsoébisdtioat @taBfst inﬁisQﬁécﬁerﬁiget?@f theSprused atddrdile process
according to the invention is nodified by a specific nodification process
that conpt theegveptipn LOBREFS & FRATHE Mt Spmpases Hhdeastoons wpdifiad zedlde Andi ng of
sai d deal i ni fi A ' : Mo To[¥1-To gliut,i whes sy said
basi c aqhgwogﬁghsé%ﬁg't %oéﬁ?ésb@%g\%%i%ﬁg@?hﬁgyg&c%ﬁﬁ%un&sb% ftft arer sel ected

f r om anoagd preéralik abisne dfasesrabhd t he strong non-al kal i ne bases, whereby

said stage a) is,] enent ed. ate f be en. 40 and 100C and for
a duration of “bet {N@(‘# %Wr‘ﬂﬁ‘ ’pé?#araggﬁd(’)ﬁiogg,og/&ﬁﬂWﬁg‘h}l’\gﬁgp e REEY® t r eat nent
stage c) that isréeptemRMied 1ab 7894 BRelh Widinof vde bweertd20fhnanal1 190C

The basic treatnent stage a') nmakes it possible to renmove silicon atons from
the structure an®% BY iessitof anaditiedsplitsraccarivg th s B ewer irdatvetorthamewor k

17 Accor di t j ion, the process for nodification of said
initial deal um ntlﬂgﬁ1 glgssY&gleéo‘:{aiyat%e&corrpri ses a basic treatnent stage a') that
consi sts in the (hx BYoBfbysaeight Slaedy GaitnioP P¥d iz e prdferecdninatmen 30 4si C

aqueous sol uti Oryq %gﬁﬁ@%’%ﬁﬁaggﬁ?ékﬁeﬁg%?%%esq %gl }&J&ri toi So a%s%} l\:l‘.;[e'i o0 of basic

conmpounds that are e a ifie’ bases” and the St rong,

non- al kal i ne baseRiivivieheyalSedsel oS tBYestaf 4t feabiipk @rRiBttek Birows thidwpér at ure of

bet ween 40 and IOOtC and for a duration of between 5 mnutes and 5 hours
matrix.

The Zeolite According to the Invention

According to the invention, the initially used zeolite that is suitable for the
implementation of the substrate of the catalyst implemented in the hydroisomerization
stage ¢) of the process according to the invention is the dealuminified (USY) Y zeolite of
the FAU-structural type

According to the invention, the initial dealuminified Y zeolite that 1s suttable for
the implementation of the substrate of the catalyst that is used in the hydroisomerization
stage ¢) of the process according to the invention has, before being modified, an initial
overall atomic ratio of silicon to aluminum of between 2.5 and 20 0, preferably between
26 and 12.0, and in a preferred manner between 2 7 and 10 0, an initial extra-network

aluminum atom fraction by weight that is greater than 10%, preferably greater than 20%,



The basi c conpounds that are selected fromanong the al kali ne bases are
preferably sel ected from anong the al kaline carbonates and the al kal i ne
hydr oxi des, whereby the al kaline cations of the al kaline carbonates and the
al kal i ne hydroxi des advant ageously belong to the groups I A and/or HA of the
periodic table, and the strong, non-al kaline bases are preferably sel ected
from anong the quaternary ammoni um cq ounds, taken by thenselves or in a
m xture, and in a preferred nmanner, the strong non-al kaline base is the

t et r amet hyl anmoni um hydr oxi de Sai d al kaline cations of the al kaline
car bonat ey gl ptdd&redl kaldenerdad i 7es by RatsradMant-agans! sl Hek Mghd O group

| A or HA of the periodic table are p'ref,erabcfy sel ected from anpong the

cati ons Maminym that G predent inclee zeghE+an Wil CepoporayRiump meagapd DHRIEPEPT ed

mar i ner, L tiaon, i t . r.abhy aqueous
sol uti onp;&gmgnegrg&fll%rﬁ 5%?%%%15 @dgfmg%gitpﬁ%[ﬁ%rg&&lte eth%{ﬁg?ing%, ’ ?énn%jmiean a

pr ef er r edrefarsdenandeh greatueans) sohipl omd s mitebdiystedling droxide 5 olf ubd on

Sai d basi ¢ aqueous spol utjon w a, con ration of between 0 001 nol/L, and
12 nol / L@IEW“%WpW%ﬁhéﬁ?téﬂéWﬁ‘ﬁ’e%% %ﬁ“‘ég‘g%é‘ent ration of between 0 005 nol /L,
and 11 nmol /L, paRdadi aRe eM@ih MESuRinafar rned dmrnakatwid haaasieneantinat i on of
between 0 01 noll, and 9 nol/L According to the invention, the basic
t r eat nenimplemgetaton obthet fwbstrocbdhe turlyyiobatt i daed &n thef hyslaeispmerizatien

deal um ni fie Y. zeol | [ d C Lid.ons of
bet ween ﬂt&g%%dplg?%’a%%sé% Ct?)i‘??é %gﬁg}f{%ﬁ g&er reg g%ﬁ%gegL%g weo%ﬁhﬁ%pand 90C,
and for aicopativoiunafthhed mwessnrdd byl niwdges pandintztdyohat s, greaterghpr ef erred manner

bet ween 15 m nutes, and 4 hours,. a in ap even nore preferred manner between
15 m nut 8<V4NE 3“‘!46’(5% ablygreaterthan @™ Be hasic treatment of said zeol te is

ended, the solggbd@icits Hz0Rl@fiod Watkinitial Qe AXRInERY Y @oMRE Blatih®, andintiat hen sai d
zeolite is separat e§ fromthe Iiggi d by ané of the techni ques that are known

to one ski¢rrlbdtanic rae efryilicprdo SepdrhbrGeran 358 20 PewablsdebyeeRid rati on or
by centrifugi ' . cent Lt uok: ~ | fied USY
reol i te ¢Hae [engdR S ok b EAEL EARLGRTN R [0 M PRI

t enper at it iofhedatadeyniX-20 osncknt® KX )amd tiprtdhe pabliyal gktranttewpenlatimen of

bet ween 40 and 80C, and,in a.ver refe nner at. 50C and drjgd at a

t enper at G087 SRR He &iF198H T §° ﬁ%ﬁei%ﬁwgfoﬁéwuﬁeﬂ%%erl E’Féhﬁ’ 130C, and
in a ver Y J&@ber f8deMANSNYRtand20G preferred! MadlRe gfREL tHAHEBE%! e wagi C
treatnment stagé a') consists of the mxing of said initial dealumnified Y
zeol i te wiletiveatorhss fogal aepiabs o thelumingm thit 1& Brepl HutezRaltte adeodapetbed from
anong th | S N i | FRed sbduh herSHulst rat e of
t he cat al%)?@[l &?hg%%%og%EgaegAm%gg%r%%eg%gg?ﬁ?ﬂ%%to t he Ii}nveﬁlti on

cont ai ns maiiiods et erecknofvn $¢ ageska}edof: thehret nodi fi cati on process, a partial or

total fraction of alkaline ions in cationic position In the case where
the basic treatnent stage a') consists of the mxing of said initial

deal um nipfdRehtn 26 MeilhiBaMbédMminEagic Zasiyeous sol ution of conpounds that are
sel ected from anmong the non-al kal i ne bases, the zeolite that .is contained in
the substrat e T6¢ steeptriyigpe Yivepelifedhii U tHEer Ry prowsa8Nac EsmdiRg to the

i nvent i on &tﬂ@stisa%e[ﬁsadv%taalela%l ﬂﬁide@%o StPGEm&reioPExchiMeiBibofd GRllRhaPhOCESS, a

partial or total fraction of quatenmary ammoni umions in cationi ¢ position
Duri ng t hiealoasiificdtioeatagent stage a') of the process for nodification of the

initial dealumnified.Y.zeolite accordi e ihventian,_a,;portion of the
silicon atons &Snfi%ﬁ?‘f{%‘@f}z"ﬁu?rhér ﬁ"éei‘?g\/\%lr a’%o%%yéfqﬂmzéaolﬁ?’?equr%mgxet {2t ed: the
phenonenarpésiE akd od otasil 1Si/eatioic radeatdngniiatuufBetvet D8 @ldrBtcaie and the

formation of a nesoporosity and/or naking E&fs' ble the rei nsertl n of at
| east a poviIteaeoBily PpémplemertEdRY 3Ry OhEeaRe Pl {RIAST KoLt HEkadte8iR t hat are

present i, Sai g i péefféu%h éﬂlﬂ@%w Wt b ingfnidc ARl tfried ARG AT widgesiihi cON
atons that are extracted by desilication and thus making possible the

f or mat i onthepresewe B ovstredpac{ siamess e slingeodhtliph énormiegy) iasdieaby ed
re-alum noagltélc%nmore acid attacks that are advantageously implemented by treatment with an

aqueous solution of mineral or organic acid



In the case where the basic treatnent stage a') consists of the m xing of
said initial dealumnified USY zeolite wth a basic aqueous sol ution of
basi ¢ conpounds that are selected from anong the al kaline bases and
preferably selected fromanong the 19 al kaline carbonates and the al kal i ne
hydroxi des, and in a very preferred manner with a sodi um hydroxi de ( NaCH)
solution, the process for nodificationrt of said initial dealumnified USY
zeol ite advantageously conprises a stage b') for at |east one partial or
total exchange of said al kaline cations that belong to the éroups | A and HA

of the peri odPeferably ethe daalumindfiqarion Sdpdanaiad by Biaageatarent GHawed by present
in cati O%hgopﬁg{fﬁcgﬁtﬁ% A}I%hg/rby%yo?%re ]g %{Pﬁ%gﬁf erably Nat cations by NW

cations or tot exchange o i ne cations by NEWcations
i s defined asPtdfigaldycthanigpet ofat8Bnt o #R08Esence af prefenpedtorahingrth857t o 99 5%

and in a_ngre preferred manner 88 and 99% of sagid al kaline cations by Nal +
cations TRE!f égaﬁ“hieﬁtﬁgqlﬁa‘ﬁ’ﬁl?“?e“é?d af I@afefnrﬁ?@ra&“e{?i neetyRen 287 etdr A the

remai ni Ng GUAR ideiedh 35@%}3%@%“&%%@539&@ ?Q’e&&?ﬁl%ébgt%\!e Lye to the

[
quantity of NEIt cations that are initia present 1n zeoli1te, at the
end of stag@5W5C) Theslumtivanf suebaas liyatimentie edvabtagedisRQfeat@rieinesralhat thet ween 0
5 and 15% ﬁlnd in_.a qrg}ferred rrgnner pbetween 1 and 12% Preferably, for
this stade, "SByBrEERGY PeBYERdhy Py 2t &4 hArE; aqed iver Brefredt mapner hat

cont ai ns yalyekf a%ou PR AMRN UMSRImtHabelktnff] @5HLY Jéhgm&mwe hdyg salts of

chlorate, sulfate, nitrate, phosphate or acetate of a niurfi, in such a way
as to el imttmEnels agvantaggsusipbetvieen § gnd 108, girdfalablyebetwetdan2¥sind @O, f r abl y t he
Nat cati e present d.n the zeolite Pieferably, the ammonjumsalt is
mron unTApE s Ry (B a0, B% GRS RS Hinant U SHRAIN e
cations andepreftarapbyisNatmebly gns The floheratesh dak delnzeddlyi #v@tentagdp@neénd of

stage b') i.s preferaply suc hat the aline catign/alum numnolar ratio
and pr ef é’P%‘Pﬂa@ylﬂHéﬁ PRISGONFIY P PEER 8 %gjhg%%”ﬂe@rwg}gﬁfihea‘ﬁ&e@%t‘i, preferably

bet ween 0 15: £handa00@ambnt el Bt RodIE BT &HAET SRR Sl hetReNLP12: 1 and
001: 1 The desired Na/Al ratio is obtained by adjusting the NH4+

concent r &amgodt of ke Yaz¢dits avhilg ohaingaingothst il SHAI tatampieratiarod thé t he

cationic 00 .,he cationi c exchange nunber The concentration of the
Nt ht sol ﬁlﬁ%&%ﬁ |n?étaﬁe§r}g%$t§ti on advant ageously vari es between 001 and 12

nol /L, and pr &hehebltseabeinveethe braaceldd wand:/ apdih addespsdeatsly espehted A& exchange
n" o pr oF Y S e MHRSEREG B ANE G5 SRR Tt phel Bkt tmnner
bet ween 6§ @EdnBRmen@N6h iof (ANsANSLe PR BIALQNI8d INRNEYd DSl NESA o/ O 60 and
80C The cati oni ¢ exchange nunber advant ageously varies between 1 and 10 and
pr ef er abBi{peH e} b progssdcgording to the invention that has the desired characteristics and

in particular a fraction by weight of extra-network aluminum atoms representing more

than 10% by weight relative to the total mass of aluminum present in said zeolite. The

heat treatment number is advantageously less than 4, and preferably a heat treatment

threshold is produced at the end of which the fraction by weight of initial extra-network

aluminum atoms is measured by NMR of the aluminum.

So as to implement a dealuminification of said Y zeolite and to adjust the overall

Si/Al atomic ratio of the dealuminified Y zeolite to a value of between 25 and 20

according to the invention, it is necessary to properly select and monitor the operating

conditions of each stage of acid attack In particular, the temperature at which the

treatment by the aqueous solution of mineral or organic acid is implemented, the nature

and the concentration of the acid that is used, the ratio between the quantity of acid

solution and the weight of treated zeolite, the duiation of acid attack treatment, and the



In the case where the basic treatnent stage a') consists in mxing said
initial dealumnified USY zeolite with an aqueous sol ution of basic
conpounds that are selected fromanong the strong non-al kal i ne bases t hat
are preferably selected fromanong the quaternary anmoni um conpounds, taken
by thenselves or in a mxture, and in a preferred manner the strong
non- al kal i ne base being tetranethyla ni um hydr oxi de, the nodified zeolite
that is obtained fromstage a') contains a partial or total fraction of
guat ernary anmoniumions in a cationic position In this case, the
process {of iR ful el BmS e &k digntH hh@ar Aol 4 pYithd RELIMRG1ARRA! dftelch

advant ageousl y does not conprise stage b') of at |east one partial or total
i nt er nediad ettakshkange; the nodified zeolite that is obtained fromstage a)
di rectly undergoes. t he re t, ' . j t he

i nvention, thggﬁﬁggeggtfbgﬁ%%zig%gg f%’E%%g?§82Pﬁf?ﬁa?ﬁgégﬁﬂggﬁgég%d Y

zeol i t e RévehiagenPN Ghsr amiledstidanranheginid 1ah tprefatbly! dgeck! 3 a mineral | n t he
case where the basic treatnment stage a' ), .consists int i xi.ng .of said
initial aﬁéﬁﬁﬁfﬁﬁé?%ﬁir a?@@ﬂﬂ?%wﬁFFﬁHgobégngé 6@dﬁ§P§8EpréﬁmHF:conpounds

that ar eaégmgbﬁdzﬂfz{%}g%@&%d&mm@é idieishasescandvreeiesahliy .seliect ed from
anong the al kal 1 ne carbonates and the al kali ne hydroxi des, "and in a very

pr ef er r edsadefpriée agif ahack, Siodieindadr DGl it Neefedsol uti on, the heat treatnment
stage c¢') nakgs sible. . h.dryin t for i . Nl -1.4
cations, exchglﬁ%?ée?egDﬁ utg? %Qs%aacgkceiﬁ%j‘ &tl%g?ﬂ o] %r%%‘%‘%%? aga%to}lérzg?lﬁ{éo%g%e wher e

t he basi eitdrgadciest ab bageicaic)d &onpl@idtddrat tahempeaiiing obd betsaéd 3090 tidal

dealum ni fied USY zeolite with a basic aqueous solution of conpounds that

are sel ed2®F. praferrbinbevacn S0 rothd20énand et pisEersd seangnbetpeet ef anl v

sel ected,fr4 ng_t he quat.ernary,anmoni um ounds. th [ aken by

t hensel vééé gin ?Hgﬁg?ﬁeﬁ?ﬁ& %fﬁa “ﬁ{y gleparng T rsé)F%ggﬁﬁg‘gvavﬁ at’%éués'%(ss ?%Vﬁ%n

non- al kabiggeydaase nReLngpleheatiebieaeh Myl anaoi menihy daexh deverl hrefopat

t r eat ment staq}; c') makes possible both the drying and the deconposition of
the quat eRaRy bervshidmitEat mehls” | hherape SrEyesh thsrvotbrmpiaridngolare Y He
formati Ogﬂl%g%e%@@ﬁt of treated! P BYe P8 radll ist G RRoRly BBIudelgadtspeat ment
stage c¢'), the protons of the zeoflte are partially or totally regenerated.
)1 afthprefeeatly beteaematd 32 dbfe dirdticacd dredicirhattagk tshadvirivgsotslp mors

bt woon 400 Y S50CAGH 1 KEAC VGt RANLOLT oG & PvARt RREBL SR ement ec

in air, undar @XRIRrs UNedsuchydvogenattdtR@estnhi fuagen odthelNdetlitabgan, or
under a m xture of nitrogen and argon The duratiogn of said treatnent is
advant ag@eids gausernelitian anhddwmngggewly less thagy 4 ndn dpg) cave PhREenifYPRI cati on
process @g&@£sWe%i& Dl R Gre ERR I O np EEneEd, NBhe P IbIHGH ACQLELEadi3f 1S used
in the substrate of the catalyst that is used in the process according to

t he i nventgaan amdvelili fgevusidic dvasengrafipnsaian fregsgdor e vol une, neasured by

ni trogen porosinetry,. that is er by at l|.eas 0% relasive: t he
initial mesop P& \5%%{@}‘}%}1@?18%&%#2?%%0? %faglgtogr?@eb?/eag{mlf%ﬁ:egﬁ ff)qe%tér gol ftive to
t he initivalue HE5eRP@EE2 Qi Te, Bid fakie ii miedsuad tealklusicrichied thiS¥ et e, a
final mcropore vol une that. measured by nitrogen porosinetry that should

[
not decr éﬁ‘é@“ﬁ@‘tﬁiﬁ%@eﬁtﬁ@ﬁ”w‘?fe“ﬁ“?ﬁer ably nore than 30% and in a preferred
manner nore t el ot OtHeNgcili NidabR! rdBLBEQRYT BeV Qb4 9 hegi d
initial deal ur?l&%f%%e sy .Lzeqcl}.i te, aclgreaat er rB‘rons?gd aci di ty of nore than
10% and prlefrdagabis)y washed tshanli20ios vatearid then ¢ drivd 2B tavepeeturgeif §etpeof t he
initial alymnified Y.zealite, d nal crystalline paraneter a0 of the
el enent a%@ aﬁg?ﬁ&{#ﬂapgrméﬁggteé«yeeflﬁgﬁnflﬁ%h?%? tial crystalline paraneter a0 of
the nesh of thgehhiieal bydead aicRbfak et YosgBR iokieto extract tAY albBwendo@é t he
process for nodification of the dealumnified Y zeolite accordi n? to the

i nvent i orffom He fFramewarkngpdsioghitpeichnelumipye siuansofopile paes 9bthe wolitifre of the
modi fi ed | i i f G i ] une

ol ati ve PRt R AR e S Bl I8 A e e DB or an
addi t i onahcramsoporosivaipely dogeen |2 Tand 3k whereby said zeolite is suitable for the



Furthernore, the increase of the Bronsted acidity of the final nodified
zeolite relative to the initial dealumnified Y zeolite denonstrates the
rei ntroduction of extra-network alum num atons into the framework of the
zeolite, i e , the phenonenon of realum nation The Anmorphous or Poorly
Crystallized Oxi de-Type Porous Mneral Matrix The substrate of the
catalyst that is used in the hydroi soferization stage c) of the process
according to the invention advantageously contains a porous mneral mtrix,
preferably anorphous, which advantageously consists of at |east one

r ef r act ofyplesapfationgt toasubsigie of sheicstalygl/ hnt i gedus the metest saddinmimthdie group
that is fqr by alumna, silica, clays, titanium oxide, boron oxide, and
zirconia, taken by itself or in a mxture The matrix can consi st of a

m xture of atlLlkease, taibinddal ttheumidifiesYebid tiadb oy ehtainatiant dheikablijble

silica-al,um na. s al so possible to select the alumnates It is preferred
to use nﬁqfrlt&eeslnlpﬁ\%?en%lﬁPal %Fuﬁ?ﬁﬁga?n gl&‘ ¢ ofatplels dhgtofmesehal 4f% known to

one ski | hedlojsBmbhgitiah t stadeOt) erranl ?rogé’smc@xldw & the mverthbn' Basala$@r

advant ageously ossible to use mixtures of alu na and silica, and mi xtures

of al um Aezlemgiiiialipe Ananij wasvpefmml@m@ﬁwas st ther ditragdngprosimetry The

overal | r ti deal umi ni fied ¥ zeolite,

i e, af tgﬂe#%n%%hgﬂh%ﬁ@éj thi n%%geﬂéﬁ% Le% 85(%1%% %?QE@ %n ﬂa)?“i”f?uorescence

i S a conprehgngicwer &haﬂ@riﬁany crénaﬂwxranbreaﬁnmqm@otd@ay faédlﬁm@ fioRe tﬁmal ysi s of

all of the el. erre?tr aof the erIO%IC sy stem%(tfa{ (ﬁ fro boron | 1

possi bl e “FGCHER &F 2FTRHE AIURS PU I U ghe 807D 396t 28%iitis %0 éﬁfllaﬁn‘mt‘ﬁhl s

t echni queryk&i#e erahRicBl &thd BEemShthiyGAGKANE id hewad w Ui f 24 heizeol i tes (by

percentage by mass) and thus nekes it possible to cal culate the Si/Al atomc

ratio Thudfipisat ﬁ@#%‘ﬁﬁél%ﬁ?ﬂfﬁ? thagtir alivised pliatedvndgagorsén hesoor di nat ed

al um nu I Y. erm ned by
U mw;srefe HiEmP R G Inchhrl By URLoEL R MRLEERL) KSrlRer Rk

nucl ear magnet| esonance of € SO alumnum i s

act ual | yokAeny ' ard iizrefen@iwgeateifthanoﬁénﬂtgr‘pose of referencing and quantifying
the different. . states of coordination of this,k co "

physi co- chi m aﬁ%s[m&g’é’of?ata%ﬁ?ﬁ%ﬁﬁpgml Keftiees %) @e[‘éﬁﬂ}‘é’i“?gaéhgmz%‘l"e Affal ysi s of

| ndust r i aleagaéby 8dsslptionBedoyitedh, of IREHH L Pardddthé LREIS pd2R0E) oENRRdFe iPages 290
and 291) The NN 1R spectrum of the al um num of the initial USY zeolite and
that of ffesuitstiisr¥-eay diffvctieni¥RI) according to the invention has two signals,
one being characteristic of the resonance of the tevacoordi nated al um num
atons (i e , alum num atom; encorrpassed in the crystal l'ine netvvork of the
zeol i t e) Prowpst & [artal il €
hexacoor di nated al um num at ons (1 e, aI um num at ons out5| de of the
crystall Tl wor k or extra-network alum num atons) The tetracoordi nated
al um num Ai 1y A8¢8®g to the invention, the initial dealuminified Y zeolite that is suitable for

the implementation of the substrate of the catalyst that is used in the process according to
the invention is modified by a specific modification process that comprises a’) a basic
treatment stage that consists of the mixing of said dealuminified Y zeolite with a basic
aqueous solution, whereby said basic aqueous solution is a solution of basic compounds
that are selected from among the alkaline bases and the strong non-alkaline bases,
whereby said stage a) is implemented at a temperature of between 4G and 100°C and fora
duration of between 5 minutes and 5 hours, and at least one heat treatment stage c) that is
implemented at a temperature of between 200 and 700°C

The basic treatment stage a”) makes it possible to remove silicon atoms from the

structure and to insert extra-network aluminum atoms in the framework



23 resonate with a chem cal displacenent of between +40 ppm and +75 ppm and
t he hexacoordi nated or extra-network alum num Aiv, atons resonate with a
chem cal displ acenment of between -15 ppm and +15 ppm The fraction by wei ght
of the two alum num Ain/ and Alvi radicals is quantified by integration of
the signals that correspond to each of these radicals Mor e
specifically, the nodified USY zeoli tlg according to the invention that is
present in the substrate of the catal'yst according to the invention has been
anal yzed by NVR-MAS of the 27Al solid on a 400 MHz Avance-type Bri cker
spectronet er i h i [ras! : o T, of
rotation of t'ﬁgéog‘gﬁlé Figé (F:lf‘gés?lgoﬁl’o@%% pI'% %Hggt ‘Igﬁaeztg J%‘l%r?l?ﬂmAg{ o%ﬁli Z{Hfgﬁﬂ

quadr i potatumiaifedwhesdits pimprisss eaat trbamShstigedey thiheseisson del thethssel ecti ve

anal ysi ondi.t | - na field of .low radiofre ncy that,is equal to
30 kie ot Fon dnpdreim i e bR S Binin SH0R bRk SRobtRee o a
wat er - sahiledteebis@iilsea solhign MNbRit e@chpbtide it e kekatd Grmabmbhe th@gi ¢ angl e
(N1LAS), denoted NNLR-MAS, is a quantitative techni que The deconposition of
each NVRelipiiespewstand Hiaaiens ron-abediae brses. dicey 64 supe abie iprlemsnigdant ity of
different ahunl Al G140 alATBY ohd) o CAL-ARAONHARAS Bhdilmman Ty at oms

and hexacoordi na or extra-network alum num Al vi atons spectrumis

| ocked i Aowrthem cal di spl acenment relative to a 1 Msolution of alum num
nitrate for whjch the alum pum signal, is at zero ppm The sigpals that
characteri ze ﬂﬁ“e b@%?i‘é’(??fPSP'&‘Eng{aéd‘“g%lsﬁlﬁ?t Rt 1 3%RE0 QE@“’ien BGY 4fed between
+40 ppm angrAvlP seRBled WIS DAL BSRARMS. ko bbMResai RN alRthet MRISHigRAl s t hat
characterize the hexacoordinafed al um num Al w atoms are | ntegrated between
-15 ppm athdreby 3he pHalivgicetiong orfr s pokadige tcorbondesa ped the Tlaling drdiowdey wei ght
of hexacgordin |l um I Bt [ |t i rea 2/ (area
1+ ar eagg\jaglcaggéu%g"liae(lacyn(iﬁ'r‘%Q/Lsﬂgga‘léllolM Seﬁngﬁorp%¢ ggeH:?e rehggﬁg‘?t) I%’ra]%ldﬁ[rl]%tlmgﬁ” and final
deal um ninbi-elital¥nez ®adek t @s, prefembplyafstiecteddichind | apadnigothe satemayur@dobiyinx- r ay
diffraction (XRD).. Faor ‘&P\Qe FAUtC%pe zeolite, .the h ararretﬁr a0 is

cal cul at é@ff‘%‘%"é‘fjﬁitﬁ}@e“ftﬁo PRV YR iadﬂgt‘ﬁ‘?’ apfdn gy SO s Po 8ihg*% o the
MIler i g GRSIR hee B4 @R SRl kbARR! hiltidd echni que de la

radi ocristal | ographi e [ Theory and Technol ogy of Radiocrystallography],” A
Gui ni er, Duno8aigdilkalion cations ) tendkilmgeiboattes el ike afkabipd hedoxiges B8t ng | ar ger

t han t hat ,of J d,. r alun Hrgg i ahedr al
posi ti ont‘lfi‘gm%a%g&“ssja?r%ﬁ@ %P &;{1%%%0 ?f tel%eh%ﬁighﬂldg%ﬂgg}{ e g%ri%ﬁ%i{:@%({ a0 For

t he crysthsahat the easorstNOf LEpK RiveSheBadyand Cpd, asd BAUverypeefiirakol i tes, a
| i near rel ationshi .exitﬁts be en<Lhe mesh paraneter a0 and the Si/Al ratio

(" Hydr oc FEERT niSeEten e a it of _r%iogy," J Scherzer, Al Guia, Marcel
Dekker, Inc , pk@@80ly, the aquh\® FBIGHDPRN £ s8MdmMBsRAkE of bdtiRShRfrotille 1 niti al
and final deal um ni ?I ed zeolite are neasured by nitrogen i

adsor pt i epiedes erpin oprefFred ananysihs agreorhwlitiopineFaskm Budrpsile splufien r ogen
adsorption of i, 00QLM; A1thiSPRAR Q'R M TIRKRS ARIShOICaIdE,

cal cul ati on of pore volumes by the technique called vol unetric technique

Di f f er entmdifipasa plefamed elaaneanttbhe cusedralihe oporteedi & 007 ol end f hatol/lLs neasur ed
by nitrogen.adsorption has heen determ ned by.the, Barrett.-Joyner-Hal enda
(i1t 1) TR UER SR T PO AEBPL bA cOBEBTHioT A o BHeR &7 Ao g 1o t he
BM nodel pigisdescribed in the periodical "The Journal of Anerican Society,"”
73, 373 (1951) witten by E P Barrett, L Cy Joyner and P P Halenda In the
fol I owi ng di séceriding ®f thenaveriipantheopasiontredtogeinstagis 8rpel 81% POFHHEol s defi ned
as the vol lme I | = S JHL LN QRO & i's

obt ai ned%yitﬁé&?ﬁ %ﬁ%mﬁ%ﬁ%hﬁeﬁgzﬁ?}gﬁag&ﬁg t he adsg¥%gﬁol une

wi t h P/ PQomdiflorB>f (Hetweeads andtl DAAC pefbsd,umd;in BQrefersat maater hgtweapdd apd essur e of

the adsorbate at the tenperature of_the te;!tﬁi) The rresoporgqv lume is
obt ai ned 98 stk oAk dwgtiehe! Feevsspor Bumgesup! £ rionrs He % Bre ffegdf‘%‘m\‘ibl ume

between 15 minutes and 4 hours, and n an even more preferred manner between 15

minutes and 3 hours



The Lewis and Bronsted acidity of the zeolites is neasured by adsorption of
pyridine followed by infra-red spectroscopy (FTIR) The integration of bands
that are characteristic of the pyridine coordinated at 1,455 crnl and the
protonated pyridine at 1,545 cm | makes it possible to conpare the relative
acidity of Lew s- and Bronsted-type catal ysts, respectively Before
adsorption of pyridine, the zeolite ig pretreated under secondary vacuum at
450C for 10 hours with an intermedi at pl ateau at 150C for 1 hour The
pyridine is next adsorbed at 150C and then desorbed under secondary vacuum
at this sane tenperatur re .t t - ratdian0f the
Catalyat T OREE B FoaduRed it g R0 shBe R SRIRR IR AR 07 for
exanpl e, athbietthenihermmorgfangoheteszid geditads pouderd, freustperispuanby amd oh theuspensi on
t hat has undergone a deaggl oneratjon treatnent Thus, for exanple, the
nodi f i edte_ﬁléfbﬂ‘ieﬁéhqi_é‘f‘ﬁ 1&%%5@&@%4@@ “bgl_eﬁu“t nﬁfﬁ%?’gagﬂ‘sﬁ%’n‘_ﬁl T‘%)“ﬁeﬂe%y or may
not be sij ghtli¥n 8EbFE&G 1 Mg CARCRATIELEQNMMEARE bY SentBBigadl UHeatbdifed he fi nal
zeolite content that Is targeted in the substrate This suspension, commonly
cal | ed aUSNi peolites theh énoliainahtis gesusispedrivsidadigilie wHer pt adepREFEeot t he
mat ri x ording-to,a preferre r rati o ified
zeolite Eﬁﬁwgﬁggﬂygggbggpgpg%ﬂﬁﬁyﬁé%%¥§ﬁ%%%??Egggﬁg?gﬁggi%%Eg?&?ﬂg'substrate
wi th the,glergatal hbder 605®U dndlRict Bea FRipetaturEof bexaBPBe ande8OCdimg to this
preferred fhethod of this invention, the nodified zeolite according to the
i nvent i oprefegatdg etdveenl & andi 1S0° Gl andimavee preflurddnpgernnieatd?ige for shaping the
substrate One of .the, preferre t gds,for the shaping o
substrate in Phih§ Ciaﬁ?/évﬁ‘ﬁeotﬁgcbgﬁlg i & ?r'[‘g S{%ﬁeeg‘di "G Slg{g cffetggtm%%é’ JrrfI)S(Li'llnfl ed
zeolite with @ameiisific@UNEAae gekh hoiasRer@edls dobnpnoff tampivess ttandrd hen in
passi ng the thus obtained paste through a die for . form ng extn%ggﬁes with a
di anet er s@¢cteskiromamons thegheline hines. the Zeolie it i 4GRS IR BteREPS UG &0% ed
preparat| - el Qg th eheiptenPiEn bAMthipdus el AHLEBagd he
synthesigagggﬁhg%ﬁg??pgﬂ%gg&%ﬁiﬁgﬁe,gaccordiﬁg to tﬁis preferﬁed %ethod of
t hi s i nventf drg nbldicatioli pioeessz eqiartiad of sotaldfrediioduel #lfaliteeiosy mt gatadnec of t he
silicoalum.nummatrix; the zeolite can be added to a m xture that consists
of an aIQﬂ?“ﬂ?conpound in an acidic mediumwith a conpletely soluble silica
conmpound In fRecasehglraie ek hatsdipede by) eanyistsechihiequaineheft sais known t o
one skilled in the art The shapihg can be carried o%;, for gx%ﬁgle, by
ext r usi omitigydesbinieified hgeoly Vi Adbasts ‘(%‘F?‘isdsr"é‘ﬁ)onc. geretuneh et fod, by
turnt abl §e19&§d‘%@1%9d?1g {08 b REVneAD8T 1HEBEARE DAt cinfuittl ih e@BRkO One
skilled in the art At feast one cal cination cycle can be carried out
after anyf dfe chhabyssthage ssadfin tieeprprespancandingrio reenvetioh senthiop of hegndeht i s
usual ly carrigd_.qut in.air at rably at
o 3 iF mofilopn et EPART IR gl PRl beneRbfif

| east 306€E° 4 erreé

ions in cationic position

During the basic treatment stage a’) of the process for modification of the initial
dealuminified Y zeolite according to the invention, a portion of the silicon atoms
contained in the framework of said zeolite are exiracted; the phenomenon 1s called
desilication, creating vacuums in the structure and the formation of a mesoporosity and/or
making possible the reinsertion of at least a portion of the fraction of the extra-network
aluminum atoms that are present in said initial dealuminified Y zeolite, instead of the
silicon atoms that are extracted by desilication and thus making possible the formation of
new Bronsted acid sites This second phenomenon is called re-alumination.

In the case where the basic treatment stage a') consists of the muxing of said
initial dealuminified USY zeolite with a basic aqueous solution of basic compounds that

are selected from among the alkaline bases and preferably selected from among the



350 and 1, 000C The el ements of group VIB and/or the el enments of group
VIIl, and optionally at |east one doping elenent that is sel ected from anong
boron, silicon, and phosphorus, and optionally the elenments of group IVB, or
D3 in the case wheie the active phase contains reduced nickel, optionally
can be introduced, conpletely or partially, at any stage of the preparation,
during the synthesis of the matrix, poeferably during the shaping of the
substrate, or in a very preferred nmanner after the shaping of the substrate
by any nethod 26 that is known to one skilled in the art They can be

i nt r oducelalafet ewbanhgs ﬁnépﬁlmgkd’fnetﬁmrmd@s,twtie aaredy gfdferedomaivef onidd 4 he dryi ng
and the C(JCIHQ on of rep met hod

di
of this |nvent|—\()rOXId QSUHUEIEtﬁ% ¥m%%nﬁgor Bﬁggﬁ%lﬁ%ﬁ %dﬁ%@ t he

el ement s defturgingfigd 4 Y heolﬂél gdvaptap@nalylcymptisds aaslze ONEod@péddgoRlafRNb: t hat s
sel ect ed fron1anDn boron silicon and hosphorus and o tlonally t he

el ement s ‘%% whﬂﬁm%mfb@kﬂw RAHORE t*e;aésk@ REelPethe %O%tﬁﬁvénfbﬁ%‘s@ &t ai ns
reduced gw&ﬁ& tabfedRatlfe m%a&@afasﬁncd%g&g) a&zﬁarép?o@bmn Qéfttiotnﬁepogﬂﬁﬁtﬁft e, for

exanpl e during the stage for kneadi n the nodified zeolite wWth anoist
al umi na §&L" unmnsaAchﬁU&WgPhocanmsheb&hr@ﬁ@nsed nethod of this invention,

all or part o h of group
Vi1, and opt ?%‘%%1 %f eas % ﬁq o’fﬁ ﬁéglong%ﬁeaﬁﬁ t%aaﬁltonf és %e?m%ta%éhef rom anong
boron, skkdhaod, ofaxmtqom{ars’,phmw@gef@ﬁd Ofine08Bld 99 e el emanhsre Qlrefgfr@up | VB, or
IB in the case mhereoth? qgtlve phase caqntai ns reduced nickel, can be

i nt r oduc B 5§84 SF gt sridplsplane; aensiy NEL msrlefsating Aemtning QUEHKE of at e t hat

i's shapedpame Cabed B dara%ragiys%e%hz%ﬂnﬁgb@anﬁﬂrné@gsc&tﬁﬁs M 8CUh&AE& of these

elements I'n a preferréd way, the substrate is inpregnated by an aqueous
sol ut i onzadiée,lrd'ptn@gtnam avRnofy @fHéHs Ln@mmsathet 4g nptueélryanaek@nysndm moé!@b eut by the

so-calle regnat i hat L one s ed in the
%e endtcﬁ éhng b V%ntflge {wee Vﬁﬁ)/cla pretera SV\E% A eBnt aft cl

art Where ACAYS | Ns at | east
one non- nedl QKNquhﬁ@&mgm@mpnh&wkmztﬁﬁiﬂﬁ%als of group VIII are preferably
i egnati.on of the substrate that

i ntroduced by_o re o eratiops for

i s shaped andPEATE T tintiogs: 1T KBS ng%ﬁkﬁﬁbm\w«'fé%w%@ spHEcLBAe tine as
the latt €6ntams at leh§l &@%ﬁﬁ&ﬁﬂ&@&%&h@ sa&k& Heh é?]florfghﬂlé shIRV&NdHIGReCONt @i NS a
nobl e metal of groug VI, the nmetals of group VIII are preferably’

i nt r oduc eelfads; ngrage, o ospheie’ copestae Porsmpoim Mptuslyaatayon totlimetesutiest at e t hat

i s shape e, + red { of this
i nventi o%ar%g ﬁ%ﬁ@ Zﬁff)is]ﬁ |°%tr11°n3fa n@ﬁ%%r l glﬁtl\i)a %Et ?&n?%}{ijat@ e\ﬁégsre”t mrﬂogml;zﬁ3 F% can al so
be |nplemﬂﬂ%mﬂwS&aumhamﬁmusﬂMsbmnmsmngnﬁmﬁmnﬁxmnple a solution that

contains a tip,salt or a.copper s . . Accqrdi o anot her. preferred
method of t hi Sh¥nJiHemBRIng t%a@@fc%iin&ﬁawsw& SCRBDNT | CoPcaRial so be

i mpl ementedimdinybdipnequely Y bSisEGe b rlseﬁémlagly u@Pldd e Lhalincontains a
boron salt and a silicone-type S|I|con co

cation/aluminum molar ratio and preferably the NafAl moiar ratio is between 0 2.1 and

0:1, preferably between 0 15:1 and 0.005:1, and in a more preferred manner between

012:1 and 0.01: L.

The desired Na/Al ratio is obtained by adjusting the NH,™ concentration of the

cationic exchange solution, the temperature of the cationic exchange, and the cationic

exchange number The concentration of the NH," solution in the solution advantageously

varies between 001 and 12 mol/l,, and preferably between 1 and 10 mol/L..  The

temperature of the exchange stage is advantageously between 20 and 100°C, preferably

between 60 and 953°C, in a preferred manner between 60 and 90°C, and in a more

preferred manner between 60 and 85°C, and in an even more preferred manner between



27 When at | east one doping elenent, P and/or B and/or Si, is
introduced, its distribution and its |ocation can be determ ned by

t echni ques such as the Casta ng m croprobe (distribution profile of various
el enents), the transm ssion el ectron mcroscopy coupled to an EDX anal ysi s
(ener gy-di spersive analysis) of the conponents of the catal yst, or else by
conbi ni ng di stribution mappi ng of thgoelenents that are present in the
catal yst by el ectronic m croprobe "7 For exanple, anong the sources of
nol ybdenum and tungsten, it is possible to use oxides and hydroxi des,

ol ybdi ¢ sand, kYRGS e AGLHS emgnémlﬁme%alj&ﬁtageahsgawriegt&wﬂe@mﬁ' ym sal ts
such as ammoni um nol ybdat e, “ammoni um hept anolybdat e, ammoni um t ungst at e,
phosphonetd/hdfecatdcbetwephbsphdt ungsti c acid, and salts thereof,

si | i conol ybdi cid, silicqtungstic, ,acid, and, salts thereof The oxjdes and
salts of ammfﬁ a}ﬁ Caéﬁé’ﬂ‘eéesa’ﬁm?gﬁi EERAE RS ) C%%‘F%nﬁufﬂ"ﬂ‘é%f%ﬁﬁdf‘@’ﬁlﬂat e, and
amoni UMy bArest RddeS 80106 Sk hAaREYeoUS &flution of basib oM tabire BEBctADD] e

el enents of group VIII that can be used are well known to one skilled in the

k
art For é&vanpheng therstions nawalkalng easpethal are nipferahiveselected] frap @g1008yHE oxi des,
phosphat i gpgﬁp [ b ], de | uori des,
and carbgggpgggs%ﬁgﬁéﬁﬁgggﬁ?g%ﬂ%xgﬁp e, gg%?%?%sggﬁhabg@g%%é?gg?gvgII be
used. preferiddemsmoter ¢les stofngnointadkadine treset beind tegroeihyidniniontimthydearride,

advant ageousl y..be used are . | 1own to gne skilled.in rt. For the
nobi 6 motih odAg] PeRds URbE e BT Cets ) doutiuyn ol dr b bt Lo
hexachlohgggahbqhﬁn@ghﬂdoaygagﬁhgﬁﬁwmaﬂﬂ,oxychlorides such as ammoni aca
rut heni um oxychl otide, are used It _is also possible advant%ggously to use

the cationic boWf @sedharieresator muslifgatonplsndaitas deghaninitied S Yeglited to
deposi t s |4 8 1620 O BRI LYCRRN Htermediate THE NODI €
net al s O%HS?%%%§@Pf@“%PE¥Eg&gé%a yst %? tﬁfs invgnt?on can aggg%#z%eously be
present esdphgd; eheymodifipdizedlad thyt isrobmmeted! fidne stagels)odircofty deddrgranthe heat The

pr onot er elenent%%),ﬁelected fromthe group that is fornmed by silicon, boron
and phosﬁﬁ@?ﬁ@t% %tvant ageousl y be introduced by one or nore inpregnation

operations W tARcAYERS o S@kULivemidN thBephresi fed riidefidatisOr of the infkhe boron
source can advantageously be boric acid, preferably orthoboric acid H3B03,
ammoni umdspBinalied B ey inpan spapEses BoletHh opkhablrcdngsHeE € Jest ers Boron can be

i ntroduced, fgr th%;tggmb&re 18 thi1e t b REBR Gt R . Thitiir0he RRERE oGk Hinithy dr 0gen

peroxi de, and a
dealuminified USY zeolite with a basic aqueous solution of compounds that are selected

from among the alkaline bases and preferably selected from among the alkaline
carbonates and the alkaline hydroxides, and in a very preferred manner with a sodium
hydroxide (NaOH) solution, the heat treatment stage c’) makes possible both drying and
the transformation of the NH," cations, exchanged during stage b”), into protons

In the case where the basic treatment stage a’) consists in the mixing of said initial
dealuminified USY zeolite with a basic aqueous solution of compounds that are selected
from among the strong non-alkaline bases and preferably selected from among the
guaternary ammonium compounds that are taken by themselves or in a mixture and i a
preferred manner with a strong non-alkaline base being the tetramethylammonium
hydroxide, the heat treatment stage ¢’} makes possible both the drying and the
decomposition of the quaternary ammonium cations in a position of counterions and the
formation of protons

In any case, at the end of said heat treatment stage ¢’), the protons of the zeolite

are partially or totally regenerated.



basi ¢ organi c conpound that contains nitrogen, such as ammonia, primry and
secondary am nes, cyclic am nes, conpounds of the famly of pyridine, and
qgui nol i nes, and the conmpounds of the pyrrole fam |y Boron can be introduced
by, for exanple, a boric acid solution in a water/al cohol m xture The
preferred phosphorus source is the orthophosphoric acid H3PO4, but its salts
and esters, such as the ammoni um phogphates, are al so suitabl e Phosphorus
can be introduced, for exanple, in the formof a m xture of phosphoric acid
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t hi s ent imigalr dedlvetinind SY agelitet laBedt| thev creatien of anyaidogen! inesdpod@@ty or mal n8 of
hydrogenéq%kgﬁ catalyst, and the total pressure is kept constant at 1 bar
Any ex-situ Feduction nethod can advant ageously be taken into consideration
Accordi ng to Fhghdiydfepitison®erehstadll o Bagel 6Jidigf of e fidopsdfiaresei ng to the
invention, at least a.p r@ion o%x}he nﬁgrocarbon base that. is obtained from
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advant ageously nmake it possible to carry out hydroisonerization of the

non- convesalumgatiaedst ock This means that the hydroi sonerization is perforned
with a conversion of the 150C+ fraction into the 150C fraction that is |ess
than 20% by weight, in a preferred manner |ess than 10% by weight, and in a
very pr effaée pethriimuser Pb@BCivitatiz&dOkieihghdrous MinerdMsirixaccordi ng to the

i nvention, theg, hydroi sonerization stage, c), o he process accardinhg to the
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N1Pa, andrdferaidy\asrojplpuaf whick ddvaninespusbecoussis af M lpest and refiaqiapa oxide an hourly
volunetric flow rate that is advantageously between O 1 ICl and 10 Ilit,
preferably between 02 and 7 If', and in a very preferred manner between 0 5
and 5 1it at a flowrate of hydrogen such that the hydrogen/ hydrocarbon
volunetric ratio is advantageously between 70 and 1,000 NnB/n8 of feedstock,
bet ween 100 and 1,000 normal nB of hydrogen per nB8 of feedstock, and in a
preferred manner between 150 and 1,000 nornmal nB8 of hydrogen per n8 of
feedstock In a preferred manner, the optional hydroisonerization stage
operates in co-




30 The products, gas oil- and kerosene-based, obtained according to
the process of the invention, and in particular after hydroi sonerizati on,
are endowed with excellent characteristics The gas oil base that is
obtained, after mxing with a petroleumgas oil that is obtained from
renewabl e feedstock such as carbon or lignocellul osic bionmass, and/or with
an additive, is of excellent quality:,,Its sulfur content is less than 10 ppm
by weight Its total aromatic conpoun& content is less than 5% by wei ght, and
the polyaromatic conpound content is | ess than 2% by wei ght The cetane
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example gamma-alumina.
It is also advantageously possible to use muxtures of alumina and silica, and

mixtures of alumina and silica-alumina

Techniques of Characterization

The overall Si/Al atomic ratio of the initial and final dealuminified Y zeolite, i e,
after modification, is measured by X fluorescence. The X fluorescence is a
comprehensive elementary analysis technique that allows the analysis of all of the
elements of the periodic system starting from boron It is possible to meter from several
ppm up to 100%. In this invention, this technique is used to meter the silicon and the
aluminum of the zeolites (by percentage by mass) and thus makes it possible to calculate
the Si/Al atomic ratio

The fraction by weight of tetracoordinated and hexacoordinated aluminum atoms
that are present in the modified USY zeolite is determiined by nuclear magnetic resonance
of the solid of Al The NMR of aluminum is actually known for being used for the
purpose of referencing and quantifying the different states of coordination of this core
{“Analyse physico-chimiques des catalyseurs industriels [Physico-Chemical Analysis of
Industrial Catalysts],” J Lynch, Technip Editions (2001) Chap. 13, pages 290 and 291)
The NMR spectrum of the aluminum of the initial USY zeolite and that of the modified
USY zeolite according to the invention has two signals, one being characteristic of the
resonance of the tetracoordinated aluminum ators (i.e, aluminum atoms encompassed in
the crystalline network of the zeolite), and the other being characteristic of the resonance
of the hexacoordinated aluminum atoms (i.e, aluminum atoms outside of the crystaliine

network or extra-network aluminum atoms) The tetracoordinated aluminum Al atoms



A density of between 775 and 840 kg/ nB8 A viscosity at -20C of less than 8
mR/s A crystal disappearance point of below -47C A flash point of greater

t han 38C A snoke point of greater than 25 mm Exanples Stage a).

Hydr ot r eat nment 170 g/ h of pre-refined canola oil with a density of 920
kg/m that has a sulfur content of |ess than 10 ppm by weight, with a cetane
nunber of 35, and whose conposition i2s presented in detail below, is
introduced into a reactor that is tenperature-regulated in such a way as to
ensure an isothermal operation and that has a fixed bed 31 charged with 190
m  of hydﬁ@tﬁ@amﬁemuﬁaakalﬁsﬂabm&maoﬁmenmmkehmhmmnmmﬂybﬂhpum1amthmg a

MRS RTINS K R e
6% wher ghylatdi®ent A dleitdden -85 pYhdf aHd 2B ppid aUMARERIon by weight of the two
aluminum Al and Aly; radicals is quantified by integration of the signals that
correspond to each of these radicals

More specifically, the modified USY zeolite according to the invention that is
present in the substrate of the catalyst according to the invention has been analyzed by
NMR-MAS of the ¥ Al solid on a 400 MHz Avance-type Briicker spectrometer using a
4 mm probe that is optimized for *’Al The speed of rotation of the sample is close to
14 kHz. The aluminum atom is a quadripolar core whose spin is equal to 5/2. Under
these so-called selective analysis conditions - namely a field of low radiofrequency that is
equal to 30 kHz, a low impulse angle that is equal to #n/2 and in the presence of a water-
saturated sample - the NMR technique with rotation at the magic angle (MAS), denoted
NMR-MAS, is a quantitative technique The decomposition of each NMR-MAS
spectrum makes it possible to access directly the quantity of different aluminum radicals,
namely the tetracoordinated aluminum Al atoms and hexacoordinated or extra-network
aluminum Aly; atoms. Each spectrum is locked in chemical displacement relative to a
1 M solution of aluminum nitrate for which the aluminum signal is at zero ppm. The
signals that characterize the tetracoordinated aluminum Al atoms are integrated
between +40 ppm and +75 ppm, which corresponds to the area 1, and the signals that
characterize the hexacoordinated aluminum Aly; atoms are integrated between -15 ppm
and +15 ppm, which corresponds to the area 2 The fraction by weight of
hexacoordinated aluminum Alvy atoms is equal to the ratio of area 2/(area | + area 2)

The crystalline mesh parameter a0 of the initial and final dealuminified Y
zeolites, 1 e, after modification, is measured by x-ray diffraction (XRD). For the FAU-
type zeolite, the mesh parameter a0 is calculated starting from the positions of the peaks
corresponding to the Miller indices 533, 642 and 555 (“Théotie et techmique de la
radiocristallographie [Theory and Technology of Radiocrystallography],” A Guinier,
Dunod Edition, 1964} The length of the Al-O connection being larger than that of the
Si-O bond, the greater the aluminum number in tetrahedral position in the framework of

the zeolite, the larger the parameter a0. For the crystals that consist of cubic meshes such
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as FAU-type Y zeolites, a linear relationship exists between the mesh parameter a0 and
the Si/Al ratio ("Hydrocracking Science and Technology,” T Scherzer, A J Gruia,
Marcel Dekker, Inc., 1996)

The micropore and mesopore volumes of the initial and final dealuminified Y
zeolite are measured by nitrogen adsorption/desorption. The analysis of the isothermal
curves of nitrogen adsorption of microporous and mesoporous solids makes possible the
calculation of pore volumes by the technique called volumetric technique Different
types of models can be used The pore distribution that is measured by nitrogen
adsorption has been determined by the Barrett-Joyner-Halenda (BJTH) model The
nitrogen adsorption-desorption isotherm according to the BJH model is described in the
periodical “The Journal of American Society,” 73, 373 (1951) written by E P Barrett, L.
G Joyner and P P Halenda. In the following disciosure of the invention, nitrogen
adsorption volume is defined as the volume that is measured for P/PO = 095 The
micropore volume is obtained by the “t-plot” method or else by measuring the adsorbed
volume with P/PO = 0 35 (P = adsorption pressure; PO = saturating vapor pressure of the
adsorbate at the temperature of the test) The mesopore volume is obtamed by
subtracting the micropore volume from the total pore volume.

The Lewis and Broensted acidity of the zeolites 1s measured by adsorption of
pyridine followed by infra-red spectroscopy (FTIR) The integration of bands that are
characteristic of the pyridine coordinated at 1,455 cm’ and the protonated pyridine at
1,545 cm’ makes it possible to compare the relative acidity of Lewis- and Bronsted-type
catalysts, respectively Before adsorption of pyridine, the zeolite is pretreated under
secondary vacuum at 450°C for 10 hours with an intermediate plateau at 150°C for 1
hour The pyridine is next adsorbed at 150°C and then desorbed under secondary

vacuum at this same temperature before the spectra are taken.

Preparation of the Catalvst

The modified zeolite can be, without this being limiting, for exampie, in the form
of powder, ground powder, suspension, and a suspension that has undergone a
deagglomeration treatment Thus, for example, the modified zeolite can advantageously

be put into a suspension that may or may not be slightly acidic at a concentration that is
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adjusted to the final zeolite content that is targeted in the substrate. This suspension,
commonly called a slip, is then advantageously mixed with the precursors of the matrix

According to a preferred preparation method, the modified zeolite can
advantageously be introduced during the shaping of the substrate with the elements that
constitute the matrix  For example, according to this preferred method of this invention,
the modified zeolite according to the invention is added to a moist alumina gel during the
stage for shaping the substrate

One of the preferred methods for the shaping of the substrate in this invention
consists in kneading at least one modified zeolite with a moist alumina gel for several
tens of minutes, and then in passing the thus obtained paste through a die for forming
extrudates with a diameter of between 0 4 and 4 mm.

According to another preferred preparation method, the modified zeolite can be
introduced during the synthesis of the matrix For example, according to this preferred
method of this invention, the modified zeolite is added during the synthesis of the silico-
aluminum matrix; the zeolite can be added to a mixture that consists of an alumina
compound in an acidic medium with a completely soluble silica compound.

The substrate can be shaped by any technique that is known to one skilled in the
art The shaping can be carried out, for example, by extrusion, by pelletizing, by the drop
{oil-drop) coagulation method, by turntable granulation, or by any other method that is
well known to one skilled in the art.

At least one calcination cycle can be carried out after any of the stages of the
preparation The calcination treatment is usually carried out in air at a temperature of at
least 150°C, preferably at least 300°C, and in a more preferred manner between about
350 and 1,000°C.

The elements of group VIB and/or the elements of group VIII, and optionally at
least one doping element that is selected from among boron, silicon, and phosphorus, and
optionally the elements of group IVB, or IB in the case where the active phase contains
reduced nickel, optionally can be introduced, completely or partially, at any stage of the
preparation, during the synthesis of the matrix, preferably during the shaping of the

substrate, or in a very preferred manner after the shaping of the substrate by any method
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that is known to one skilled in the art They can be introduced after the shaping of the
substrate and after or before the drying and the calcination of the substrate.

According to a preferred method of this invention, all or part of the elements of
group VIB and/or the elements of group VIII, and optionally at least one doping element
that is selected from among boron, silicon and phosphorus, and optionally the elements of
group IVB, or IB in the case where the active phase contains reduced nickel, can be
introduced during the shaping of the substrate, for example during the stage for kneading
the modified zeolite with a moist alumina gel

According to another preferred method of this invention, all or part of the
elements of the group VIB and/or the elements of group VIII, and optionally at least one
doping element that is selected from among boron, silicon, and phosphorus, and
optionally the elements of group IVB, or IB in the case where the active phase contains
reduced nickel, can be introduced by one or more operations for impregnation of the
substrate that is shaped and calcined, by a solution that contams the precursors of these
elements In a preferred way, the substrate is impregnated by an aqueous solution The
impregnation of the substrate is preferably carmed out by the so-called “dry”
impregnation method that is well known to one skilled 1n the art.

In the case where the catalyst of this invention contains at least one non-noble
metal of group VI, the metals of group VIII are preferably introduced by one or more
operations for impregnation of the substrate that is shaped and calcined, and after those of
group VIB or at the same time as the latter

In the case where the catalyst of this invention contains a noble metal of group
VI, the metals of group VIII are preferably introduced by one or more operations for
impregnation of the substrate that is shaped and calcined

According to another preferred method of this invention, the deposition of the
elements of group IVB or group IB can also be implemented simultaneously by using, for
example, a solution that contains a tin salt or a copper salt

According to another preferred method of this invention, the deposition of boron
and silicon can also be implemented simultaneously by using, for example, a solution that

contains a boron salt and a silicone-type silicon compound



700 NmB8 of hydrogen/nB of feedstock is introduced into the reactor that is
kept at a tenperature of 300C and at a pressure of 5 MPa. Stage b):
Separation of the Effluent that is Qbtained from Stage a). The entire
hydrotreated effluent that is obtained fromstage a) is separated so as to
recover the hydrogen-rich gases and a hydrocarbon base. Stage c):

Hydr oi soneri zati on of the Hydrotreat Effl uent that is Obtained from Stage
b) on a Catal yst According to the Invention Preparation of the Initial
Dealuminified Y Zeolite Z1 According to the Invention 100 g of the
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For example, among the sources of molybdenum and tungsten, it is possible to
use oxides and hydroxides, molybdic and tungstic acids and their salts, in particular
ammonium salts such as ammonium molybdate, ammonium heptamolybdate, ammonium
tungstate, phosphomolybdic acid, phosphotungstic acid, and salts thereof, silicomolybdic
acid, silicotungstic acid, and salts thereof. The oxides and salts of ammonium, such as
ammonium molybdate, ammonium heptamolybdate, and ammonium tungstate, are
preferably used

The sources of non-noble elements of group VII that can be used are well known
to one skilled in the art. For example, for the non-noble metals, nitrates, sulfates,
hydroxides, phosphates, halides such as, for example, chlorides, bromides and fluorides,
and carboxylates, such as, for example, acetates and carbonates, will be used.

The sources of noble elements of group VI that can advantageously be used are
well known to one skilled in the art For the noble metals, halides, for example,
chlorides, nitrates, acids such as hexachloroplatinic acid, hydroxides, and oxychlorides
such as ammoniacal ruthenium oxychloride, are used It is also possible advantageously
to use the cationic complexes such as the ammonium salts when it is desired to deposit
the metal on the Y-type zeolite by cationic exchange

The noble metals of group VII of the catalyst of this invention can
advantageously be present completely or partially in metallic and/or oxide form.

The promoter element(s) selected from the group that is formed by silicon, boron
and phosphorus can advantageously be introduced by onme or more impregnation
operations with excess solution on the calcined precursor

The boron scurce can advantageously be boric acid, preferably orthoboric acid
H3BO03, ammonium biborate or pentaborate, boron oxide, and boric esters. Boron can be

introduced, for example, in the form of a mixture of boric acid, hydrogen peroxide, and a



The dealumnified HY zeolite Z | that is obtained has an overall Si/Al
atomc ratio = 6 2, neasured by X fluorescence, a fraction by wei ght of
initial extra-network alum numatons that is equal to 37% by weight relative
to the total mass of the alumnumthat is present in the zeolite and
measured by NWVR of the alum num an initial mesopore volune that is neasured
by nitrogen porosinetry that is equal,to 0 15 m g-1, and an initial
crystalline paraneter ao of the elenﬁ%tary mesh that is equal to 24 35 A,
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Numerous silicon sources can advantageously be used. Thus, it is possible to use
ethyl orthosilicate S{OEt)4, siloxanes, polysiloxanes, silicones, silcone emulsions, halide
silicates such as ammonium fluorosilicate (NH4)281F6 or sodium fluorosilicate Na2SiF6
The silicomolybdic acid and its salts, and the silicotungstic acid and its salts can also
advantageously be used  Silicon can advantageously be added by, for example,
impregnation of ethyl silicate in solution in a water/alcohol mixture The silicon can be
added by, for example, impregnation of a silicone-type silicon compound or the silicic
acid suspended in water.

The sources of elements of group IB that can be used are well known to one
skilled in the art. For example, among the copper sources, it is possible to use copper
nitrate Cu(NO3)

The element sources of group IVB that can be used are well known to one skilled
in the art. For example, among tin sources, it s possible to use tin chloride SnCl,.

The catalysts that are used in the process according to the invention
advantageously have the shapes of spheres or extrudates It is advantageous, however,
that the catalyst comes in the form of extrudates with a diameter of between 0 5 and 5
mm and more particularly between 07 and 25 mm The shapes are cylindrical (which
may or may not be hollow), braided cylindrical, multilobe (2, 3, 4 or 5 lobes, for
example), or rings The cylindrical shape is used in a preferred manner, but any other
shape can be used The catalysts according to the invention optionally can be

manufactured and used in the form of crushed powder, tablets, rings, balls, and wheels
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In the case where the hydroisomerization catalyst contains at least one noble
metal, the noble metal that is contained in said hydroisomerization catalyst is
advantageously to be reduced One of the preferred methods for conducting the reduction
of metal 1s the treatment under hydrogen at a temperature of between 150°C and 650°C
and a total pressure of between I and 250 bar For example, a reduction consists of a
plateau at 130°C for two hours and then an increase in temperature up to 450°C at the
rate of 1°C/minute, and then a plateau for two hows at 450°C; during this entire
reduction stage, the flow rate of hydrogen is 1,000 normal m® of hydrogen/m’ of catalyst,
and the total pressure is kept constant at 1 bar Any ex-situ reduction method can
advantageously be taken into consideration.

According to the hydroisomerization stage c¢) of the process according to the
invention, at least a portion of the hydrocarbon base that is obtained from stage b) is
brought into contact, in the presence of hydrogen, with said hydroisomerization catalyst,
at temperatures and operating pressures that advantageously make it possible to carry out
hydroisomerization of the non-converting feedstock This means that the
hydroisomerization is performed with a conversion of the 150°C+ fraction into the
150°C- fraction that is less than 20% by weight, in a preferred manner less than 10% by
weight, and in a very preferred manner less than 5% by weight

Thus, according to the invention, the hydroisomerization stage c) of the process
according to the invention is performed at a temperature of between 150 and 500°C,
preferably between 150°C and 450°C, and in a very preferred manner between 200 and
450°C, at a pressure of between | MPa and 10 MPa, preferably between 2 MPa and 10
MPa, and in a very preferred manner between 1 MPa and 9 MPa, at an hourly volumetric
flow rate that is advantageously between 0 1 h™ and 10 b, preferably between 0 2 and
7 k!, and in a very preferred manner between 05 and 5 h™, at a flow rate of hydrogen
such that the hydrogen/hydrocarbon volumetric ratio 1s advantageously between 70 and
1,000 Nm*/m® of feedstock, between 100 and 1,000 nommal m® of hydiogen per m® of
feedstock, and in a preferred manner between 150 and 1,000 normal m® of hydrogen per
m’ of feedstock

In a preferred manner, the optional hydroisomerization stage operates in co-

current.



0 25 (-119% Bronsted acidity (i a) 4 3 54 (+25% Preparation of the
Catal ysts The catal yst substrates according to the invention
containing the nodified zeolite (Z2 according to the invention) or

unnodi fied zeolite (Z1) are produced by using 19 5 g of zeolite mxed with
80 5 g of a matrix that consists of ultrafine tabular boehmte or alum na
gel marketed under the nanme SB3 by t% Condea Chem e G nbH Conpany. This
powder mxture is then mxed with an daqueous solution that contains nitric
acid at 66% by weight (7% by wei ght of acid per gramof dry gel) and then

kneaded for 19ndpRuL&s H8eiKknEREEdsdathed Shitied toctditged eyrodehoa die with
al2 mndianmeter. The extrudates are next cal cined at  500C for 2 hours in

air. the Mkentichusndire particdlas abert alrasaxdrizaden, ese gréovwadpwelyreacdlgnin the dry
state by 2 éscgér%gson of a m xture of amoni um hept anol ybdate and ni ckel
nitrate SHd Calcihed in air at 550C in situ in the reactor The contents by

wei ght of oxi Tes g&f oil besechbalsystanddhateran i tvith nepetalani pel ciatted id n Table 2
The catalysts Cl and C2 ar hus prepared starting fromthe unnodified

zeolLi tes0§tﬂmaﬁ% r%a?rﬁWéalea%e%mﬁr?@dt g tCFﬁ(g?GF ﬁ’\?é’rﬁﬂPger\‘“E’ZmT‘H@méﬁntﬂ% P5 by

vei ght  of;@%hdesiof, i heexcalal y@lig that are obtained are indicated in Table 2
Table 2 : Characteristics of the Catalysts Reference of the Catal ystClC,

(Not Accor di nii§ AdGoraiten is Isss than 10 ppm by weight

- Its total aromatic compound content 1s less than 5% by weight, and the
polyaromatic compound content is less than 2% by weight

- The cetane number is excellent, higher than 55

- The density is less than 840 kg/m’, and most often greater than 820 kg/m’

- Tts kinematic viscosity at 40°C is 2 to 8 mm™/s

- Its cold strength properties are compatible with the standards in force, with a
filterability boundary temperature at -15°C and a cloud point that is less than
-5°C

The kerosene fraction that is obtained, after mixing with a petroleum kerosene
that is obtained from renewable feedstock such as carbon or lignocellulosic biomass
and/or with an additive, has the following characteristics:

- A density of between 775 and 840 kg/m’

- A viscosity at -20°C of less than 8 mm?%s

- A crystal disappearance point of below -47°C

- A flash point of greater than 38°C

- A smoke point of greater than 25 mm.

Examples

Stage a). Hydrotreatment
170 g/h of pre-refined canola oil with a density of 920 kg/m’ that has a sulfur

content of less than 10 ppm by weight, with a cetane number of 35, and whose
composition is presented in detail below, is introduced mto a reactor that is temperature-

regulated in such a way as to ensure an isothermal operation and that has a fixed bed



to the Invention)the Invention) Catal yst-Based ZeoliteUnnodi fied Z1Modi fi ed
Z2 Mo03 (% by Weight)123123 34 N O (%by Weight) 3 31 Overall Si02 (A) by
Wei ght) 143 139

charged with 190 mi of hydrotreatment catalyst based on nickel and molybdenum,
having a nickel oxide content that is equal to 3% by weight, and a molybdenum oxide
content that is equal to 16% by weight and a P»Os content that is equal to 6%,

whereby the catalyst is sulfurized in advance:

Fatty Acid Glycerides Nature of the Fatty Chain | % by Mass
Palmitic C16:0 4
Palmitoleic Cio:l <0.5
Stearic C18:0 2
Oleic C18:1 61
Linoleic C18:2 20
Linolenic C18:3 9
Arachidic C20:0 <{.5
Gadoleic C20:1 1
Behenic C22:0 <0.5
Erucic 22:1 <1

700 Nm® of hydrogen/m® of feedstock is introduced into the reactor that is

kept at a temperature of 300°C and at a pressure of 5 MPa.

Stage b): Separation of the Effluent that is Obtained from Stage a).

The entire hydrotreated effluent that is obtained from stage a) is separated so

as to recover the hydrogen-rich gases and a hydrocarbon base.

Stage ¢); Hydroisomerization of the Hydrotreated Effluent that is Obtained from

Stage b) on a Catalyst According to the Invention

Preparation of the Initial Dealuminified Y Zeolite Z1 According to the Invention

100 g of the crude synthesis NaY zeolite is exchanged 3 times by a IN
solution of NH4NOs5 at a temperature of 80°C to obtain the NH,Y zeolite. The NH;Y
zeolite next undergoes a heat treatment at 700°C for 3 hours in the presence of 60%

water vapor. The



Suppl enent to 100% (for the nost part conposed of Al 203, % by weight) 70 4
70 4 The hydrotreated hydrocarbon effluent that is obtained at the
end of stage b) is hydroisonerized with hydiogen that is lost in a

hydr oi someri zati on reactor under the operating conditions below VVH

(vol une of feedstocldvolune of catalyst/hour) =1 Ili Total working
pressure: 5 I\iffia Tenperature: 30097Hydrogen/feedstock rati o: 700 nornal
liters/liter The reaction tenpérature is set so as to achieve a crude

conversion (denoted CB) that is equal to 70% by wei ght
heat treatment is done by using a flow of gas formed by water vapor and air of 2 L/h/g of

zeolite The zeolite next undergoes a treatment with a solution of 2 mol/L of HNO;
(V/P = 15) for 3 hours at 80°C The zeolite is finally filtered and dried for 12 hours at
120°C The zeolite is then in the form of dealuminified HY

The dealuminified HY zeolite Z1 that is obtained has an overall Si/Al atomic
ratio = 6 2, measured by X fluorescence, a fraction by weight of initzal extra-network
aluminum atoms that is equal to 37% by weight relative to the total mass of the aluminum
that is present in the zeolite and measured by NMR of the aluminum, an initial mesopore
volume that is measured by nitrogen porosimetry that is equal to 015 ml g”, and an
initial crystalline parameter a, of the elementary mesh that is equal to 24 35 A, measured
by XRD

Preparation of the Modified Zeolite Z2 In Accordance with the Invention Used in

the Catalyst According to the Invention,

100 g of dealuminified HY zeolite Z1, with an overall Si/Al atomic ratio = 6 2
measured by FX that is prepared in Example 1, is mixed with 1 1. of a 0 IN sodum
hydroxide (NaOH) solution at 60°C for 30 minutes. After rapid cooling in ice water, the
suspension is then filtered, and the zeolite is washed at 50°C and dried for one night at
120°C  The modified dealuminified Y zeolite is then exchanged 3 times by a IN
NH,NO; solution at a temperature of 80°C to obtain the partially exchanged NH," form
The zeolite is finally calcined at 450°C for 2 hours under an air stream of 1 L/h/g of
zeolite  The characterizations of the Z2 zeolite that are measured by nitrogen
adsorption/desorption, by X fluorescence, by NMR of YAl and *Si, and by adsorption of
pyridine followed by IR are provided in Table 1

Table 1: Characterization of the Samples.
Initial Unmodified  Modified
Zeolite Z1 Zeolite Z2
According
to the
Invention

Overall S/AL (FX) 62 47



50 ppm by wei ght of dinmethyl disulfide is added to the feedstock so as to
sinmul ate the partial pressures of ELS and to keep the catalyst in sulfide
form The thus prepared feedstock is injected into the hydroi someri zation
test unit that conprises a fixed-bed reactor with upward circul ation of the
feedstock ("up-flow') into which 100 mM of catalyst is introduced The
catalyst is sulfurized by a direct digtillation gas oil/DlvliDS and aniline
m xture up to 320C W note that any in-situ or ex-situ sulfurization nmethod
is suitable Once the sulfinization is carried out, the feedstock can be
transformed The opeyakipgviegndi tions of the3yest unit aie 3ndicated above
The jet fuel yield (kerosene, 150-250C fraction, Kero yield hereinafter) is

equal to the perceg%sqﬁz K wei ght of conpoyngs that have a3oiling point of
bet ween 150 and 250C in the effluents The gas oil yield (250C+ fraction) is

equal to the percegﬁgggﬁgxbmﬁkﬁghgff conpoungsgst hat have @2§§$%#“g poi nt

that is greater th nt fluents. The tenper reé of 300C is
adjusted so as to ve a conversion of the 15QC+ fraction,into,4he | 50C
fraction that is | BEEopasy aEs il ont duri‘ﬁg‘gt he hydr OMaBREIS 120 (e
case where the hydroi somerjzation catal yst that is used i 35 c¢) of

t he process accordﬁﬁﬂ“F%gFWéyﬁﬁwention cont affis the nndif?éziéggaite
according to the i of the
yields in kerosene and gas oil for the catal ysts described in the exanples

above Ta g ﬁ; ti¢ ﬁ% j.vities of the Hydroisonerization Catalysts.
150C- Vi lillr b a%ﬁ%ﬂfle at El!e% by Vi ght).

The catalyst substrates according to the invention containing the modified zeolite

(Z2 according to the invention) or unmodified zeolite (Z1) are produced by using 195 g
of zeolite mixed with 80 5 g of a matrix that consists of ultrafine tabular boehmite or
alumina gel marketed under the name SB3 by the Condéa Chemie GmbH Company.
This powder mixture is then mixed with an aqueous solution that contains nitric acid at
66% by weight (7% by weight of acid per gram of dry gel) and then kneaded for 15
minutes The kneaded paste is then extruded through a die with a 1 2 mm diameter. The
extrudates are next calcined at 500°C for 2 hours in air

The thus prepared substrate extrudates are impregnated in the dry state by a
solution of a mixture of ammonium heptamolybdate and nickel nitrate and calcined in air
at 550°C in situ in the reactor The contents by weight of oxides of the catalysts that are
obtained are indicated in Table 2

The catalysts C1 and C2 are thus prepared starting from the unmodified zeolites
Z1 and modified according to the invention Z2 The contents by weight of oxides of the

catalysts that are obtained are indicated in Table 2.

Table 2 : Characteristics of the Catalvsts.

Reference of the Catalyst Cl C2
{(Not According (According to
to the Invention) the Invention)
Catalyst-Based Zeolite Unmodified Z1 Modified Z2

MoO; (% by Weight) 123 123




Gas Ol Yield (%by Wight) C Not According to the Invention (Prepared from
Unnodi fied ZI) C2 According to the Invention (Prepared from Mddified Z3
According to the Invention) 13 5 30 34 57 61 In the

hydr oi sonmeri zati on stage c¢) and at a tenperature of 300C, the process that

i npl ements a catal yst containing an unnodi fied zeolite brings about the
production of a 150G light fractionswith a yield of 13% and therefore the
production of mddle distillates with a yield that is lower relative to the

i npl enentation of a catalyst that contains a nodified zeolite according to
the invention in tRe [pgdyolsgnseri zati on stage c) of the priocess according to
the invention The process according to the invention therefore denonstrates

that the catalyst phahieani@i pewaigeol ite that is nodified @according to the
invention and that is used in said:process according to the invention is

nore active than t@ ;ﬁéﬁ&ﬁ%?ﬂﬁwa thdGeer ding to the invention, for
obtaining a Ievelng &9ﬂ¥§&§M9Qﬁ ok 150C+ fraction that is less than 5%
] t '

by wei ght, while g 1t possT e’ to obt aj hi gher m d distillate
yi el ds, and theref8?@Q§ bet t er selectivity%g? ni ddl e dis?#ﬁ?ates, rel ative
to a hydw soneri zat+en—precess—that—+npterents—a—<cataltyst—not—according to

the.invenpion, t hat contains a zeplite that is unnndifieq,or that is
nodi fied in aTRRRPSG LRS! hidoR@bonl dHA&GHE AWAANSHaMEE Bt HHREnH B &Rk @) is

hydroisomerized with hydrogen that is lost in a hydroisomerization reactor under the
operating conditions below:

- VVH (volume of feedstock/volume of catalyst/hour) = 1 ht

- Total working pressure: 5 MPa

- Temperature: 300°C

- Hydrogen/feedstock ratio: 700 normal liters/liter

The reaction temperature is set so as to achieve a crude conversion (denoted CB)
that 1s equal to 70% by weight

50 ppm by weight of dimethyl disulfide is added to the feedstock so as to simulate
the partial pressures of HoS and to keep the catalyst in sulfide form The thus prepared
feedstock is injected into the hydroisomerization test unit that comprises a fixed-bed
reactor with upward circulation of the feedstock (“up-flow”) into which 100 ml of
catalyst is introduced The catalyst is sulfurized by a direct distillation gas 0ill/DMDS
and aniline mixture up to 320°C. We note that any in-situ or ex-situ sulfurization method
is suitable Once the suifurization is carried out, the feedstock can be transformed The
operating conditions of the test unit are indicated above

The jet fuel yield (kerosene, 150-250°C fraction, Kero yield hereinafter) is equal
to the percentage by weight of compounds that have a boiling point of between 150 and
250°C in the effluents The gas oil yield (250°C+ fraction) is equal to the percentage by
weight of compounds that have a boiling point that is greater than 250°C in the effluents.

The temperature of 300°C is adjusted so as to have a conversion of the 150°C"
fraction into the 150°C- fraction that is less than 5% by weight during the

hydroisomerization in the case where the hydroisomerization catalyst that is used in stage



36 CLAI M5 1 Process for treatnent of feedstocks obtained froma
renewabl e source and conprising the foll ow ng stages. a)
Hydrotreat ment of said feedstock in the presence of a fixed-bed catal yst
that conprises a hydro-dehydrogenating function conprising at |east one
metal of group V111 and/or group VIE, taken by itself or in a mxture, and a
substrate that is selected fromthe gsoup that is forned by alumna, silica,
silica-alum nas, magnesia, clays and m xtures of at |east two of these

m neral s, whereby said hydrotreatnent stage operates at a tenperature of

bet ween 206r tﬂé\ﬂroéé’s@&co@dm@topchessumeorpcfontaetsvswmo&ﬁw 1Raltwt1doﬂdﬁhgwaahe at an

hour |y volumetrlcflowrteo petween 0 1 11| 10 lit, an he

pr esence et Jpdable i s egerdgd ttﬁa%@%ttmmté*ttw R FEOFEe 4R 5%:“1&1 uch t hat

the hydr %éa?ﬁ%%&@&ﬁeﬁttﬁ%ee%a@ﬁ%%e7o and 1,000 Nrn3 of hydrogen/nB of
feedstock b) Separation, starting fromthe effluent that is obtained

fromstage a), of hydrogen, gases and at |east one hydrocarbon base,
c) Hydroi i 0 . ort| n.. of | d hydrocar bon base that is
TABIES: ALl 5’ heRlid] caft s

i

obt ai ned stdage ._ -..-- zat i on
cat al yst, whereby said catal yst ghpri Slsl at eF‘?ﬁ\%}ﬁ@g ‘ I’ﬁ}ir ogenati ng
nmetal that is sel ect ed from the group that (6 by t)by t( of group

VI E and group odi ¢ 3 conpri ses at

| east one deaCMiOrﬁlAfCP@éiﬂthéﬂel ite that‘s3has an |H?t| al over aI | dtomic ratio
of silicon tolmkuwin(@repefed ferwveen 2 5 and 20, an initial extra-network

al um num at onthinmdified@iby wei ght that is greater than 10% relative to the
total nmass of the alum numthat is present in the zeolite, an initial
meospor e vol uge Adeddirgo B@asured by ni 6rogen poBosinmetry that dis greater
than 007 mM emvamebnaPrdphtetiifidin crystal | i ne parameter a0 of the el enentary
nmesh that is ReWRETIAcBRiMyaNd 24 30 A whereby said zeolite is nodified
by a') a basi Bletlﬁ%h&?)nt stage that consists in the mxing of said
dealumnified Y zeolit'e with a basic aqueous sol ution, whereby said basic
aqueous sol utmﬂmmmm“mm from
anong the al kal i ne bases and the strong non-al kal i ne bases, and at | east one
heat treat menin itagérotonetinain istge opirene ntt@tberttu df 8OQFT, atteuprecat thaet ween 200

and 700C, whereby said hydroi sonmerizatjqon stage is carried out at, a
t enper at upeleeﬁn%a%éﬁta iBE A5 gOEodEEd ool weﬁav@w%m#a MPa and

10 hil Pa, ng%ctlxnmlﬁjqeﬁéfdcof h 9% hﬁt} %e?éfo@eih t%n?tﬁdu%&e -1, and

in the presenc of atota uantity of hydrogen mxe dst ock
such t hatdistiieted ydthog gretd ﬁeﬂls:t teker rrakative its tttaenmzéﬁnerﬂﬂtoamf 4 coeYsNiBL nB of

f eedst ock, aration,. starti.ng f.rom uent that is,obtained
From st agReEs oA BaR GHEE 1 HRd arP R Pe GGG BB aEE Zha one
ker osene opage process according to the invention The process according to the invention

therefore demonstrates that the catalyst that contains a zeolite that is modified according

to the invention and that is used in said process according to the invention is more active

than the catalysts, not according to the invention, for obtaining a level of conversion of

the 150°C+ fraction that is less than 3% by weight, while making it possible to obtain

higher middle distillate yields, and therefore a better selectivity of middle distillates,

refative to a hydroisomerization process that implements a catalyst, not according to the

invention, that contains a zeolite that is unmodified or that is modified in a manner that is

not in accordance with the invention



2 Process according to daim1l, in which the netals of group VIl of said
catalyst that is used in the hydroi sonerization stage c) are selected from
anong the noble netals of group VIE and are sel ected from anong pl ati num and
pal | adium taken by thenselves or in a mxture 3 Process according to
one of Clains 1 or 2, in which the content of noble netal of said catal yst
that is used in the hydroi sonerizatigg stage c) is between 0 01 and 10% by
wei ght relative to the total mass of said catal yst 4 Process according
to Caim1, in which said catalyst that is used in the hydroisonerization
stage c) conprises at |east one neCalAidpfs group VIB in conbination with at

| east one non-noble netal of group VIII, whereby the netal content of group
VI B enconpasses, in oxide equival ent, between 5 and 40% by wei ght relative
to the total ymgg,Qfs 3@l Ceabalf! HSthedsBRE:s bHGINEOTdPR! CndBId sGROL &t of group
VI E enconpasses, I n oxide equivalent, between 0 5 and 10% by wei ght rel ative
to the totraprinmsthe &fllosangisteges al yst 5 Process according to one of
Clains 1 to 4, i ich the.initial dealumnifi i te fore

pei g mod 11 o, Hg e Sp i KeRbiaoR WO PR B bR s %5t i o o

bet ween 2orfpiadae a 108ro-dehydroGerRfiNE AsstiACaRMishg ot teasn@eafietdll dignmpIViio 5, in
which the initial dealumnified Y zeol te, before bein di#sed, has a
fracti onabfongpghy Rtalken;byiigelt ek i amRdifod aérihﬁﬁamﬁ?%g SHECUEHER™ e gr eat er
than 30%hy, Wl @hiorhed 84 b gt shitg SiIRhaludiReS k@il Wapsmd Agtudes ofr €SENL I N
the zeolrlte 7 Process according to one of Clains"1 to 6, in which the
al kal i neabdses tvhatf Hreee usiedralsn whreetyasiid agoutrabuesnd| trgeonpwitestaage a' ) are

sel ected from anmo t he al | .carbonat es d. the al i roxi des, and
She: non. A Aa chhskee 00 Bud AR aher BRIt B ok o M 30 Ui
conpoundsy hh@kKeriettib BEHAhLES befiveb0 @ Hia%l W0 @™, and in tH JréREESE aa@brding to
Caim7, in which the aqueous solution is a sodium . carbgnate or sodium

hydr oxi dauangityef drogeg mixed with thy Feddecksnelp gt g hydraspefeseisteskaiaig 91 to 8, in
which in c] i <) gtage a') consists of the mxing
of said ib%tpt%fﬂgﬁg%&gﬂﬁén@ﬁh ?2@@%@%%@%& ‘a basic aqueous sol ution of
conpounds t hat) aBepassloac tedify drmadenefflute thitkal piiainphdmsy stidge 3r ofess for
nodi fi Cathiéirn of said éeo ite c ises.a stage b') of at least one partial

[

|
or total "8XCRERGE BT aflﬂasépﬂ%ﬁﬁéé&&e B83fs that belong to the groups IA and

HA of the peripdigdbabinsizatioh rgdidedt dusdriich s 8ge Blrockibohtbase @ak ans

10 Process according to one of Clains 1 to 8, in which in the case where the
basi ¢ t r ehtineAt fram afigeab) it dhs PEserEnofnd Xirseg-bsd hy draisameszatipea A i fi ed Y
zeolite with L SesSRNIL CRIPAHAGS b DAk AfG: S8biGEed from
anong th\geh%%}??ggggﬁwg%g%géef é%ﬁgﬂac?lg hgéflﬂectﬁgd ?%g% éa]trmtr?g tthe quat er nary
ammoni umfeambe wnap, thitak &nmby by ensethlsed gonp MiBandigoupr €l oftbe peowess f or

o 4L SR 0] S0 oFRIRT o0 1200
overall atomic ratio of silicon to aluminum of between 2 5 and 20, an initial extra-
network aluminum atom fraction by weight that is greater than 10%, relative to the total
mass of the aluminum that is present in the zeolite, an initial meospore volume that is
measured by nitrogen porosimetry that is greater than 0.07 ml ot and an initial
crystalline parameter a0 of the elementary mesh that is between 24 38 A and 24 30 A,
whereby said zeolite is modified by a’) a basic treatment stage that consists in the mixing
of said dealuminified Y zeolite with a basic aqueous solution, whereby said basic
aqueous solution is a solution of basic compounds that are selected from among the
alkaline bases and the strong non-alkaline bases, and at least one heat treatment stage c)

that is implemented at a temperature of between 200 and 700°C, whereby said

hydroisomerization stage is carried out at a temperature of between 150 and 500°C, at a



11 Process according to one of Clains 1 to 10, in which the feedstocks that
are obtained fromrenewabl e sources are selected fromanong the oils and
fats of plant or animal origin, or mxtures of such feedstocks, containing
triglycerides and/or free fatty acids and/or esters and said vegetable oils
being able to be raw or refined, totally or partially, and obtained fromthe
follow ng plants: canola, sunflower, 3goybean, palm pal mkernel, olive,
coconut, jatropha, and the animal fats being selected fromanong |ard or

fats conposed of waste fromthe food industry or obtained fromcatering
i ndust ri esssure of between 1| MPa and 10 MPa, at an hourly volumetric flow rate of between 0 1

and 10 h™', and in the presence of a total quantity of hydrogen mixed with the feedstock
such that the hydrogen/feedstock ratio is between 70 and 1,000 Nm*/m” of feedstock,

d) Separation, starting from the effluent that is obtained from stage c), of
hydrogen, gases, and at least one gas oil base and one kerosene base

2 Process according to Claim 1, in which the metals of group VI of said
catalyst that is used in the hydroisomerization stage c) are selected from among the noble
metals of group VII and are selected from among platinum and palladium, taken by
themselves or in a mixture

3 Process according to one of Claims 1 or 2, in which the content of noble metal
of said catalyst that is used in the hydroisomerization stage ¢} is between 0 01 and 10%
by weight relative to the total mass of said catalyst.

4 Process according to Claim 1, in which said catalyst that is used in the
hydroisomerization stage ¢) comprises at least one metal of group VIB i combination
with at least one non-noble metal of group VIII, whereby the metal content of group VIB
encomipasses, in oxide equivalent, between 5 and 40% by weight relative to the total mass
of said catalyst, and the non-noble metal content of group VIII encompasses, in oxide
equivalent, between 0 5 and 10% by weight relative to the total mass of said catalyst.

5 Process according to one of Claims 1 to 4, in which the initial dealuminified Y
zeolite has, before being modified, an initial overall atomic ratio of silicon to aluminum
of between 2 7 and 100

6 Process according to one of Claims 1 to 5, in which the initial dealuminified Y
zeolite, before being modified, has a fraction by weight of initial extra-network aluminum
atoms that is greater than 30% by weight relative to the total mass of aluminum that is
present in the zeolite

7 Process according to one of Claims 1 to 6, in which the alkaline bases that are
used in the basic aqueous solution of stage a’) are selected from among the alkaline
carbonates and the alkaline hydroxides, and the non-alkaline bases are selected from
among the quaternary ammonium compounds, taken by themselves or in a mixture

8 Process according to Claim 7, in which the aqueous solution is a sodium

carbonate or sodium hydroxide solution
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9 Process according to one of Claims 1 to 8, in which m the case where the basic
treatment stage a’) consists of the mixing of said initial dealuminified Y zeolite with a
basic aqueous solution of compounds that are selected from among the alkaline bases, the
process for modification of said zeolite comprises a stage b’} of at least one partial or
total exchange of said alkaline cations that belong to the groups IA and IIA of the
periodic table, introduced during stage a), by NH," cations,

10. Process according to one of Claims 1 to 8, in which in the case where the
basic treatment stage a’) consists in mixing said initial dealuminified Y zeolite with a
basic agqueous solution of compounds that are selected from among the non-alkaline bases
that are selected from among the quaternary ammontum compounds, taken by themselves
or in a mixture, the process for modification of said mitial dealuminified Y zeolite does
not comprise stage b’) of at least one intermediate partial or total exchange

11 Process according to one of Claims 1 to 10, in which the feedstocks that are
obtained from renewable sources are selected from among the oils and fats of plant or
animal origin, or mixtures of such feedstocks, containing triglycerides and/or free fatty
acids and/or esters and said vegetable oils being able to be raw or refined, totally or
partially, and obtained from the following plants: canola, sunflower, soybean, palm,
palm-kernel, olive, coconut, jatropha, and the animal fats being selected from among lard

or fats composed of waste from the food industry or obtained from catering industries.





