1 EX SI TU TREATMENT OF HYDROGENATI ON CATALYSTS SUBJECT MATTER OF THE o
| NVENTI ON Description In the field of refining and petrochem stry, and in
particular, for exanple, in catalytic 5 reform ng reactions or in the

sel ective hydrogenation of gasoline, it is sonetinmes necessary;.to
attenuate the activity of catalysts for a particular reaction to encourage
pronotion of the desired reaction. This is the case with nickel catalysts
in the selective h nati i ol ef | i pyrol ysis_gasoline or in
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reactor. Thus, passivation treatnents nust be carried out to avoid :
runavay. B&FRoBat nents general |y consist of irreversibly poisoning the
nmost virulent active sites of the nickel existing on the fresh or

regener at ed calnathy dieldief refininguing metrochetnisrypand ircpdrideulay, for egaide,rig camfyitini ng
and hydrogenation catal ysts based on nickel, iron or 15 cobalt, suitable
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¢ most virulent active sites of the nickel existing on the fresh or regenerated catalyst using

sulphur.

More particularly, regarding refining and hydrogenation catalysts based on nickel, iron or

15 cobalt, suitable catalysts are sold and charged into the reactors in the form of oxides although
their activated and stable form is the metallic form. In the prior art, therefore, in a first step, the
oxides are reduced in the reactor (in situ) to the metallic state using hydrogen then, to overcome

the disadvantages indicated above, in a second step, the activity of the catalyst is selectivated in

situ by infroducing a predetermined quantity of sulphﬁr, generally 0.1% to 1.2% by weight of

20 sulphur with respect to the catalyst weight. Generally, a sulphurized compound is used, such as
carbon sulphide, mercaptans, hydrogen sulphide, thiophene compounds, sulphides and
disulphides, for example dimethylsulphide, DMS, or dimethyldisulphide, DMDS. In prior art
processes, reduction with hydrogen (first step) is carried out at a fairly high temperature for quite

a long period (for example to reduce nickel oxide to metallic nickel, a temperature of 400°C is

25  used for 10 to 15 hours).



process conprising a sinmultaneous step for a) inpregnating the catal yst
with a sul phur- containing conpound and b) pre-reducing said catal yst using
an organi ¢ reduci ng conmpound, thus in the absence of fresh hydrogen. 5 The
invention can thus inprove prior art techniques and use sinplified
conditions which are less of a constrpaint to the operator of the
industrial unit. In the invention described bel ow, we carry out

si mul t aneously or successively in a variable order, a) inpregnation of the
catal yst with Btrob&aspatoiieEBBIpOU66 GOt dksdtibey a2 ganllstokelectiOaidau pek-retigion)
reduci ng said catalyst with hydrogen at high tenperature (i.e. at a

tenper at Upgocdd &RRINNDI BRkItANBHREEBS UbL aRRRpRERHAE &RE YealBEE withad sBplsy and
c) either passivation, preferably oxidizlng passivation, 'of said catalyst,
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possi ble to concCeiv carrying out "the co secon ion, if
it substi I i termed the first choice) either by storing
t he catalyg%%égﬁ%g%m%§§§%$$%§%§mééen sel ectivated and reduced, in an inert
Pnert heavy or arelniPh oA BER SRR bR arifgpiatst i vie Gaengr coppiphs whief
equi val ent prodyct). However, this catal yst contact

hexadecane qr a d
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| arge quantities of catalyst are used unless a heavy inert organic_liquid -
i s used such alt Beniayentier Hsecrbed Delonn e parhy artotimpliansousin or swesagsivelyainnmi t e
oil, a gas oil or any equivalent product. 20 Such handling, in accordance

with the puéablenerdprayamprsanatios of ghe icatalystuwith ek legjtt ane, sulphgr-containieg dgent loe
reactor, which nmeans that the operator (i.e. the refiner) does not have to
carry it ecempounilndb) rdduting said hatalgstivithdeydrogenatduigh temperatued (i.y. aby temperature
specialist in catalyst treatnment, pre- conditioning or regeneration. Then,
at t hé0endbayk ambizat tainpahtupsssl prefeiably npire thas 350°Ch enduseith@fpatshvatian pelfersily

i.e. the operator 25 or the refiner, will have the pre-treated catal yst
avai | abl eoxkidizinigpassadbarof 84id catalyktDo:Sbriugihgtshid Ratalyst if@i Bnta&asthos healy srgadt or s,
i.e. "in situ", he nmay optionally carry out depassivation wth hydrogen 3

with the dgsian mg?bs@imert@tgﬁdeﬁe oh@atiyiy dul tHRRBhtadt e tHiPdedbndSiptib® ikt Gibstitutes
tenperatures for long periods, as is necessary when said pre-treatnent is
not carri e fakkivatidh esmdESthd Fir@ eRBRELeithlr By SbRhg BRIA AL which has already been

| selectivated and reduced, in an inert gaseous atmosphere (for example N;), or by stoﬁng the

15  catalyst in an inert heavy organic liquid (for example white oil, a gas oil or a hexadecane or any
equivalent product). However, this catalyst contact possibility cannot be recommended for use
on an industrial scale when large quantities of catalyst are used unless a heavy inert organic
liquid is used such as a héxadecane or a heavier hydrocarbon, for example a white oil, a gas oil
or any equivalent product.

20 Such handling, in accordance with the present invention, is carried out “ex situ”, i.e.
outside the reactor, which means that the operator (i.e. the refiner) does not have to carry it out
himself but can have it carried out externally by a specialist in catalyst treatment, pre-
conditioning or regeneration.

Then, at the end of a catalyst passivation process, the user of the catalyst, i.e. the operator

25 or the refiner, will have the pre-treated catalyst available in his reactor or reactors and then in

said reactor or reactors, i.e. “in situ”, he may optionally carry out depassivation with hydrogen



reduced using prior art techniques has to be treated in the presence of
hydr ogen at 400C for 14 hours, or to 300C for 3 hours in the case of a
conventional organic pre-reduction, while at the 5 end of ‘the process of
the present invention, the operator may, for exanple, only have to-
reactivate the nickel catalyst at 150C for 3 hours using hydrogen. The
process of the invention concerns a process for "ex situ" treatnent of a
catal yst which has to be reduced prior to use, said catal yst containing at
| east one Wittth¢ adventaggefongs thenlbaving o hdat theemiatysi to highobmpastdrestiordong mrivdse of
group VI netals, deposited on a support, consisting of 10 carrying out

t hree st epsisalegesiyyy whin sadd plerticaeangistnbecardtdduy.s ThisNiseneanbplea nickehcadlydt east
one sul phur-containing agent or conpound (step termed selectivation); b)
treating sautedwiml pHvr amitédiniquel 108 enbStreated i8 MREPrddeHECofANMOLrPETANT for 14
tenperature (step terned reduction); 15 c) passivating said catalyst,
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treatment carried out before, during or after step Accordi ng

to thesgin I I i I

rotal ot 1o o i PORTE 4P AEeal REAES, BN GHLALE FOCRS, Al bERERE
ni ckel an ticul arl i i n t.he formof nickel oxide

deposi tedge(?%?estg?{ug ?qéa@l’}lﬁ%%rl ) Cibfﬁr %g?‘frf Ui ydé?gﬁ?r‘i na, in parti cul) ar when
sai d catal yst Educed.bef ore use or r Sai d catalysts are

s to be.r - yse. .
substanti al 1y fPeBOSFS i i RyEntRR, sAngemssa; Rjocesy gﬁryﬁ Sty weqtoent qf  ¢afplyst
hydr ogenat :l?gg[ﬁ of aromati g .hydr ocar,gons and the hydrogenation of olefinic
hydr ocar bSHEh bep o %ﬁfggw orighfoss: Spid caBlyFgoRtaming at feastane nests] |fppgrowp ¥1II
deposi ted y thus be anmorphous supports_(alum na, etc) or crystalline 25
' support §?@£@8m?f{1%gableané)whl%lé fise of gron Y1 pips depdsiiedadn gsupgort.Aonspitiag of
invention al so concerns a process for "ex situ" treatnment of a catalyst
pri or 190 gEyiRg oyt drepsdensia).daick cat al yst, characterized in that it consists
of carrying out three steps a), b), c), carried out in any order on said
cat al yst, sai ddcat al yst beioginaithé eefalyst intasontant ewitte btaleastr g gitpdupcoidinihg of
the periodic table, and being substantially free of group VI netal (the
catal yst preferably agent or compound (step termed selectivation);
b) treating said catalyst with hydrogen at a temperature above ambient
temperature (step termed reduction);
15 ) passivating said catalyst, carried out by contact with a heavy inert organic
liquid or by oxidizing treatment carried out before, during or after steps a)
and b).
According to the invention, catalysts are treated which are based on at least one metal
from group VIII of the periodic table (said metal preferably being nickel and more particularly
20  being in the form of nickel oxide) deposited on a suitable support, in particular alumina, in
particular when said catalyst has to be reduced before use or re-use. Said catalysts are
_substantially free of group VI metals. Said catalysts are used in the hydrogenation of aromatic
hydrocarbons and the hydrogenation of olefinic hydrocarbons. The supports on which the metal

or metals employed are deposited may thus be amorphous supports (alumina, etc) or crystalline

25 supports (zeolites, etc). The preferred support is alumina.



5 containing nickel, in particular in the formof a nickel oxide) deposited
on a support, said three steps being as follows: a) bringing the catalyst
into contact with at |east one sul phur-containing agent or conpound (step
terned selectivation). This step may be carried out in the presence of at
| east one solvent, i.e. in an aqueous pr organic 10 solution, or in
suspension in an agqueous or organic solution; b) treating said catalyst
wi t h hydrogen ﬁ% a tepperature above anbient tenperature and preferably at
250C (step t er et Ve AOncHas 3 Pipsess i “Sasig’ drptmeptel a eafalysbprigr/igjuse or
preferably oxidizing passivation, or by contact with a heavy organic

li qui d. 13c-wprust saithgatalysta charecterized e fleat abeopsists b rairging yout Bnest stenstaadbloy),

ni ckel oxide deposited on an alunmina. Steps a) and b) are, for exanple,
carried ouwerried ouhin aoy chader ap salderatdlyst, gridicatatylstecontaiténg #)least tuenmetyl. frob gyoupay
al so be carried out simnultaneously.. Preferably, during step a), the

cat al yti ¢ Viiiasshd jgriodixagblayahd baihg ketaahtiAlyere of gonp VARcktal(the @aslystpaderably

sul phur-contai ning or sul phurized agent. Said sul phur-containing or

sul phursi zegneiaigatickd], @ pagedhr inghé BB AthidkeOERidd) AlepsREPorf @ Bpblt WaRkh@ by
di et hanol di sul phi de (DEODS), DMDS (di et hyl di sul phide), polysul phides and
elenentals&?yb £ folfswd: ndi cat ed above, our process is applicable to the
treatment of hydrogenation catalysts for aromatic hydrocarbons and

| efinic hyd b . - gt - ,NQ: t . Of

o 1 e, by ogar oS, gt QA 1L ARVl DSOS o
| phuri zati , 0.05%t % ti I l.y .0.2%1. % of | phyr,

sulphurl et on, 0,057 el A LA BR LSS LA R b SR

is preferably incorporated.into the c lyst . ring step b), the degree
of reduction of the catalVy&t %esprfﬁ;g(fee%[aagllej{’ﬂa‘fnel% NS gﬁo}&l a%ﬁ’@z‘?ﬂu? 8t O%FChas
pr opo Sd nmet hods for treaang a.catal yst . conprising sulphuyrization,
reducton and passivati of VP n WSPRIOR {n anAqEEoNS GF PIgaNE SQUYAR; opean

application EP-A-0 707 890, 5 and European_application EP-A-0 904 839 may
be cited in thPk r especttl.'eam@"ér gatalyst with hydrogen at a temperature above ambient

temperature and preferably at 250°C (step termed reduction);
c) passivating said catalyst, either and preferably oxidizing passivation, or by
contact with a heavy organic liquid.

15 Thus, the catalyst is preferably essentially constituted by nickel oxide deposited on an
alumina. Steps a) and b) are, for example, carried out in the order a) then b) or in the order b)
then a). They may also be carried out simultaneously. Preferably, during step a), the catalytic
mass is mixed with at least one solvent and at least one sulphur-containing or sulphurized agent.
Said sulphur-containing or sulphurized compound or agent is selected from the group constituted

20 by diethanoldisulphide (DEODS), DMDS (dimethyldisulphide), polysulphides and elemental
sulphur.

As indicated above, our process is applicable to the treatment of hydrogenation catalysts
for aromatic hydrocarbons and olefinic hydrocarbons. We should add that during step a), the
degree of metal sulphurization is preferably in the range 10% to 30%. During said

25  sulphurization, 0.05% to 10% and more particularly 0.2% to 2% of sulphur, expressed as the



EP-A-0 707 890 essentially concerns a treatnent of hydrotreatnent catalysts
for petroleum fractions, and thus the catalyst is different fromthat used
in this case, which is a catal yst based on nickel oxide. Further, in

EP- A-0 904 839, relating to passivation preceded by sulphurlzatlon

sul phurization is carried out by brlngéng the catalyst into contact with a
sul phuri zed conpound in 10 the presence of hydrogen and not in solution or

in suspensio eous or organic solution. Mre particularly, the
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(ex situ) using at | east one sul phur-containing nmpound in the presence
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solution or in suspension in the aqueous or organic solution, in the range
0C to 50C, prelks pioryart bag proppsed rmaeilyels HOCteaing CCratatpst @oparising whiphrizatidn,

anbi ent tenperature except when step a) is carried out sinultaneously with
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catalytic nass with at | east one solvent and at |east one

sul phus - cand auldpegn OdpphitdtidAUEPZR0 902083 . mayt ikl tid S tBR kdspebt.OUtHOwRWEY any
suitabl e nmeans. As an exanple, it is possible to use a rotary inpregnator
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St ares patent Mo Tatisds. g vﬁr'a%on"é‘%m ARG BB her sui tabl o Sol vent
such as an al cohol ar polyalcohol ycol or pongI%coI or an allphatlc

or aromatic solRefitalysy inrimpregnatedy “6@51@ dpx &y psingngfylepd epgvainhygetmning

elimnate at |east the major portion of the solvent used: then, when the
i npr egnat FURPaYad dn ithrepreggney of iak lepstr oriermplvedt, it ini an advepuspenduation| e anporganic

solution or in suspension in the aqueous or organic solution, in the range 0°C to 50°C, preferably
15  in the range 10°C to 40°C, more particularly at ambient temperature excepf when step a) is

carried out simultaneously with step b). Said impregnation is generally carried out by stirring

the catalytic mass with at least one solvent and at least one sulphur-containing or sulphurized

agent. Stirring is carried out using any suitable means. As an example, it is possible to use a

rotary impregnator in which the solid is brought into contact progressively with the solution
20  injected via nozzles.

As an example, the sulphur-containing or sulphurized agent used in step a) may be
diethanol disulphide or 2,2-dithio-bis ethanol with formula HO-C,H;-S-S-CoHy-OH (usually
known as DEODS) or DMDS (dimethyldisulphide). Said disulphides may optionally be used as
a mixture with elemental sulphur, in particular as a powder. Polysulphides such as di-

25  tertiododecylpolysulphide (TPS 32 from ATOFINA) or di-tertiononylpolysulphide (TPS 37 from

ATOFINA), preferably in solution in a solvent, may be used.



carry out a heat treatnment of the catalytic nmass between 100' C and 200' C,
generally between 130'C and 170'C, and nore particularly at about 150'C,
for 30 mnutes to 3 hours, preferably for about | to 2 hours, to elimnate
the major portion of the solvent. Preferably, a noving bed 10 furnace is
used. As an exanple, a rotary furnace é)f the | ouvre furnace type described
inthe Applicant's patent US-A-4 551 437 or of the Louisville furnace type
(described in ten RBliEARE a®egﬁse§iﬁ£bn9i?ﬁ ?s‘“se%;%}le‘art?%rgérﬁc BcArtlon FRYspBRidAS €d.

To carry out reduction of the catalyst (step catalyst is generally
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passivatio yst ..i s advant ageous carried out. Said oxidizing
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a movifg bed oftthe prst ofrsiFpralihmae be slyiaptagsentiigteliginatesat dgpsithe mpisgpetion efythe
bringing the catalyst bed into contact with a partial pressure of oxygen in
an inert S¢jeant used thenawisinethe imprsgation Sescrbesleabovalis tomeinated, dt ivdlyeni poistiblaltd y be
in the range 1%to 20% of oxygen (or 0.001 or 0.02 MPa), preferably 5% 02-
Sai d part Faty ptedear eeatmergrafdhessalytid massi letweend6°Watd 200°C, gamacte detiveen

nom nal value for oxygen in air. Said passivation is carried out between
00C and 1580°C aadd 70%(% faed atory pioeitulednat2Bo@ 08T, 303 Cmidihe tp BStsiuvsa petbrably
catalyst may 25 be left in the open air. 7 An alternative to oxidizing
passi vat i fum absutticto i2riioarss & ¢lhrina@tied Msjor péttien HEAY ¥olverR! Prdferdbliyth moGitg BedS
hexadecane or a paraffin oil which is free of inpurities. This technique

means 10 hafuridee is aelll V& & E:R8nplQRSotdry Fidehcl Yof MRS Blilre FuilaéGbe G&RARI 1haRET
too rapidly with the oxygen in air. However, the exanples will show that
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quantities of catalyst if said inert liquid s sufficiently heavy. Wen the

cat al yst %%lﬁgn@cﬂ%fgeﬁﬁlﬁl@-%ﬁg4é b%ﬁ,%gb%ﬂﬁe@% b) and c) (said catalyst
a iC e

the initi activity o has n"sel ectivated by poisoning the nost
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it can then be use r on zonée
hydrogen, for example in a rotary furnace, between 250°C and 600°C, generally between 350°C

15  and 500°C, and more particularly at about 450°C for 2 to 4 hours.

During step c), the catalyst is preferably passivated to allow handling in air. In said step
¢), oxidizing passivation of the catalyst is advantageously carried out. Sai& oxidizing passivation
is carried out by partial and superficial oxidation of reduced metal atoms of the catalyst and
preferably in a bed in motion, for example a moving bed or a rotary furnace. Said oxidation is

20  carried out by bringing the catalyst bed into contact with a partial pressure of oxygen in an inert
gas, for example nitrogen. Said partial pressure may initially be in the range 1% to 20% of
oxygen (or 0.001 or 0.02 MPa), preferably 5% O,. Said partial pressure is progressively
increased until it reaches the nominal value for oxygen in air. Said passivation is carried out
between 0°C and 150°C and preferably between 20°C and 120°C. The passivated catalyst may

25  be left in the open air.



which the catalyst is to be used subsequently, and then it is optionally
possible to reactivate the 10 catal yst in hydrogen, for exanple for a

ni ckel - based catal yst, between 100C and 250C for 2 to 4 hours, preferably
bet ween 150C and 200C for 2 to 3 hours. The process is applicable:to the
treatnment of a catal yst based on at Iefst one oxide of an active netal
(deposited on an anorphous or crystalline matrix) the selectivity of which

is to be nodiAhelerytivee 5G0izg pAksivAioR s B iRQletsk 8t Bfalyst B Adaby Retiliyga, for
exanpl e with a sul phur-containing 15 agent, during which process a
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and super ficLalk : i ol : b I t h in air,
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presence r a Jemperat wre and for. a period.which is h
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necessary.if the. multi- 20 step process of fthe invention had not been

carri esél1 oliee q@%ﬁm%}%taéﬁb‘rfﬁ?ﬁil%eétr'})qm‘i‘ﬁ%‘{q&’@m&‘heémphur A conmer ci al

Ni / Al umi na type catal yst containing 24% by wei ght of N O was _inpregnated
with white spiVPen the labist which hap ypdergenerthe fhreeossensia)t eand o dsaidbraishest the e.

0.7 m per _gramof catalyst). The inpregnated catalyst was |eft for one
hour in amﬂt@? astivity 1ofi fbich hap beanotelectiBrtednsnpdisning the mpst BEOE ditgs)dy aqady ttlee t he
hydrocarbons. The dried catalyst was treated in a traversed bed at 450C in
a vert i caflelivaied scibe wier kopstata onyedinegcin cdnathende used fie ditic’ei.¢. frethea agacBon zone in

sul phuri zed nickel and elimnate the hydrocarbons. At the end of the

act i vat i owhish thecmfalyahid te be bed subsetyhently pdralrthlendit ismaptidiedly pyssdtsdertormsctivaeied and
purged for 4 hours in nitrogen and flushed, generally at ordinary

t enpeltat ucatalyst i Myldragen; fsi enaenplf fod ¥YmizkyldeBed dataliist, begeeh f00°CAnM0s0°E, foi HEN
with 5% oxygen for 2 hours, then with air for one hour. Catal yst A was

obt ai ned. 4 hour{APé:EblZ béteee BSOS @id 20@0SBNE® MHoufseduct i on phase A commer ci al
Ni / Alum na type catal yst containing 24% by wei ght of Ni O was sul phurized,

general |y at Orydipicyeys is QPRIRABIE U6 fhe tWafnktnfHDHEHAlysP bassdl bR BHfeadt OhE 621ROHEINT tO
22% of the theoretical stoichionmetric value of” the sul phide N 3S2. A

R g ST
' modified by poisoning at least a portion of its active sites, for example with a sulphur-containing
15 agent, during which process a substantial part of said metal oxide is transformed ex sitﬁ intp the
metallic element and/or potentially, part of the reduced metal is partially and supe‘rﬁcially re-
oxidized to enable the catalyst to be handled in air, at the end of which process the catalyst is
reactivated in situ in the presence of hydrogen at a temperature and for a period whicﬁ is much
lower/shorter than the temperature and duration which would have been necessary if the multi-

20  step process of the invention had not been carried out.

EXAMPLE 1 (comparison): absence of sulphur

A commercial Ni/Alumina type catalyst containing 24% by weight of NiO was
impregnated with white spirit as described above to fill 70% of the pore volume (i.e. 0.7 ml per
gram of catalyst). The impregnated catalyst was left for one hour in a rotary drum in the cold

25  then for 2 h at 150°C to evaporate the hydrocarbons. The dried catalyst was treated in a

traversed bed at 450°C in a vertical furnace with pure hydrogen for 4h to reduce the non-



10 Said catalyst was inpregnated with a solution of di-tertiononyl

pol ysul phi de -dissolved in white spirit. 6 g. of TPS 37 mxed with 56 g of
white spirit was added to 250 g of catalyst as described above. Catal yst B
was obtained. It had only undergone one step for inpregnation of the

sul phuri zed conpound, step a). The inp§egnated catalyst B was left for one
hour in a rotary drumin the cold then®2 h at 15 150C to evaporate the
hydr ocar beuighuaizell fickel bixbelitingts die 19idrdcaldond. JRINhE eI MBAIARRAER. peAbd, tah@ stgnd

of the drying period, the systemwas cool ed and purged for 4 hours in

ni trogen anthefibtaghefimyithd) systeniliwal WoSle@and pifte@X HEM HolirsTh tiRGRR h@Hudhdaour s,
then with 5% oxygen for 2 hours then wwth air for one hour.” Catal yst C was

obt ai ned, otk 38k . B Rosr ' :
pasel vat | Sty ALSRE AR, 380 Ehinlio I baRk BBl 609 hows gon
and c) in ﬁe%o 5,’ L.egh h t hus under gone .step a) was

acti vat edw?tﬁc3 y gggfr?r ﬁ&%ls’?{% naVE§h totra On%%uﬁ'ag%wzﬂg%wgﬁ ﬂ)gal?egl I ow ng
conditjions: tenperatu - time 6. .h; s 100% hydrogen; pressure

nor mal 5 At the end of t&@@?@i%&?’?%‘sﬂ@’%ﬁ‘imfH’é"egygf"@?ﬁei\ﬁé% cool ed, purged
for 4 hours in nitroeqe.n é\ﬁ/'-} and flushed with a, m'xtuore of 1% ox %en in
nitrogen for 2*nhemrectcinh Ny/Aemma, iyen qailysh cppfaining 34%¢ heiveight ¢foNi@nwanour .

Cat al yst D was, opt ai ned whi ch had undergone steps a), sul phurization, b),
reduct i onsuéﬁg‘“é‘)df spnstdly pherdiry ?mpﬁat@teewh@mo@m&mqomewoaé@s fgZteef wit h
the invention: steps a), b) and c') in succession Catalyst B which had

t hus undethgéisareliea stoichiomesrialuecfttesisulphideyNisSg énstoiphiametot off 0Vadveresg®nds
furnace under the follow ng conditions: tenperature 450'C, tine 6 h; gas
100% hy dr®deii % bypweighinfeulpbyrnerpressd as itte dey cthattdr cotrectaich Mat byoronpbastiond, t he
system was cool ed and purged for 4 hours in nitrogen. At this stage, the
cat al &t whi cSaisbehtalyst wag omeegtaeg svith)a sohutiop b di-zaiohary] palpshlfhide disseled ini on,
was brought into contact with a heavy white oil type hydrocarbon (Marcol 82
from 10 Bwhinsplditbid ¥ of TP i3I mitkbdEwithtSbreeodDwhies spattui® a@fledSdi 230 Gadfadassfst asThe
quantity of oil enployed was 5 8 g per 100 g of catalyst. Catal yst E was
obt ai ned dudsérited ABGVel MTheA1E0 Bewst dDRSncd) (It Bddl dthideAbhOBne step for impregnation of

the sulphurized compound, step a).
The impregnated catalyst B was left for one hour in a rotary drum in the cold then 2 h at
15 150°C to evaporate the hydrocarbons and fix the sulphur of the organic polysulphide. At the end
of the drying period, the system was cooled and purged for 4 hours in nitrogen and flushed with
a mixture of 1% oxygen in nitrogen for 2 hours, then with 5% oxygen for 2 hours then with air
for one hour. Catalyst C was obtained, which had underwent steps a), sulphurization, and c),
passivation.
20 EXAMPLE 3: In accordance with the invention: steps a), b) and c) in succession
Catalyst B which had thus undergone step a) was activated in hydrogen in a rotary tube
furnace under the following conditions: temperature 450°C; time 6 h; gas 100% hydrogen,;
pressure normal.
At the end of the activation period, the system was cooled, purged for 4 hours in nitrogen

25  and flushed with a mixture of 1% oxygen in nitrogen for 2 hours, then 5% oxygen for 2 hours,



b), reduction and c'), passivation, in succession. EXAMPLE 5: In accordance
with the invention: steps b), c) and a) in succession The sanme comrercial
catal yst as described in Exanple 2 was reduced in hydrogen in a 15 rotary
tube furnace under the follow ng conditions: tenperature 450'C, tine 6 h;
gas 100% hydrogen; pressure nornal. Ié was t hen passivated by "bei ng cool ed
and purged for 4 hours in nitrogen then flushed with a mxture of 1%

Oxygen | i 0GP0 Rur RN whbEMlae PHKARA bderefne HNTS, Sl bE"

one hour. The passivated reduced catalys reate

and 56 g ,9f | 48 S RabdidariRET: . of catalyst, as described in Exanple 3.
The irrpregrnzﬁce cathfﬁJy?égﬁ‘}aggﬁv{%é?ﬁggg °“t or one hour in a rot ary drumin the

cold then hea Jhoat 150° C ¢ vaporate off the hydrocarbons and
fix the sul phgrﬂé‘gﬂﬁé }o]%ca?ﬂ{‘f*‘“ﬁ%fv;‘fgdﬁbm%a%‘!Oﬂcté‘Faﬁ Psh) amdv%)sméﬂff&ﬁ*@d whi ch
had under gone eps, ), .reduction, c), passivation and a), sul phurization
in successi on. i‘tﬁ?&ﬁé pviich haq thusyidgegene stap phwastastivatdeinthygrogers nehptasy tubg)
and c) _in _successjon The sanme connercial catal yst as described in Exanple 2
was reducdBiRss YRAST disefellpyying copditions: demperaiyes 40P Gatime undiegat he0% diyliogimg
conditions: tenperature 450'C, time 6 h; gas 100% hydrogen; pressure
normal . 1@reagure pmehd of the reduction in hydrogen phase b), the catal yst
based on netallic nickel was purged and cool ed under nitrogen for 4 hours.
During this puAgydicad| ifithe hetivation perin, shieesystemDMIScookd dndpukdcderdr 0ogrstine
catalyst. The -mass flow rate of DVDS (0.6 g/hr per 100 g of <catalyst) was

det er mi neditexged.hakt tlisrstapg, sheheutalpst obhiclathad Yisder@ab Gps GO0l ErizAteR, sEp) ity
of sul phur 5 introduced was 1.5 g per 100 g o%vdrg%cgg’ calglgllryst. Aftg

this sul phedotizal wan bifught igto, confiet WREWaREVPRBiSH B &St AREs 998om
passivated with a m xture of nitrogen and air containing 1% oxygen In

ni trogen Bekor?MIBHY .filf fi6BntR¥opereafiind Of saidcdiHl S %'(ﬁﬂm T off rnﬂ“% :
Catal yst G V\O/as obt ai ned vthiIChOPhad unde%sghdgcastefjsﬂﬁ) ) rg{a,uocftolgoen, ! )e%fi‘%£ .
sul phur i 238 b @8r B oftBtafdt. CRARS 'Qag-' ' {Q@ hurllia

accordance \%J\n?’trh theoi n\E/lFéyntti g%wsﬁt!g%és a m%(?w%?ﬁmﬁﬂ%ﬁglgggﬂ% fl Iytghglrﬁlg}él}rlz fo

comer i ab, cakhorihdd8SRLiDAGA 1 FXRAIRLE 2 ves reduced in hydrogen in a

rotary

EXAMPLE 5: In accordance with the invention: steps b), ¢) and a) in succession
The same commercial catalyst as described in Example 2 was reduced in hydrogen in a
15  rotary tube furnace under the following conditions: temperature 450°C; time 6 h; gas 100%
hydrogen; pressure normal. It was then passivated by being cooled and purged for 4 hours in
nitrogen then flushed with a mixture of 1% oxygen in nitrogen for 2 hours, then 5% oxygen for 2
hours then air for one hour. The passivated reduced catalyst was treated with 6 g of TPS 37 and
56 g of white spirit per 250 g of catalyst, as described in Example 3. The impregnated catalyst
20  was left for one hour in a rotary drum in the cold then heated for 2 h at 150°C to evaporate off
the hydrocarbons and fix the sulphur of the organic polysulphide. Catalyst F was obtained which

had undergone steps b), reduction, c), passivation and a), sulphurization in succession.

EXAMPLE 6: In accordance with the invention: steps b), a) and c¢) in succession

The same commercial catalyst as described in Example 2 was reduced in hydrogen in a

25  rotary tube furnace under the following conditions: temperature 450°C; time 6 h; gas 100%

hydrogen; pressure normal.



tube furnace. Sinultaneously with the introduction of hydrogen, TPS 37 was
sprayed into the furnace using a dosing punp. The follow ng treatnent ’
conditions were enployed: tenperature 15 450'C, tinme 6 h; gas 100%
hydrogen; pressure normal. The TPS37 flow rate was 40.5 g/h per 1 -kg/h of
catalyst. At the end of the sinultane ys sul phuri zation reduction step, the
catal yst based on netallic nickel was purged and cooled in nitrogen for 4

hours. The redace? eaBbf sk RBubtoA & hydaal ptate MRthe! BRNsPRES] YRERAIVSAING] @
m xture of nitrogen and air containing 1% oxygén in 20 nitrogen for 2

h , th t I : D :
ours Qs PlEOK YL AR unde AW et iBER ndns. TRENSREs E%Cﬂogﬂ%rﬁll Qzﬁgr%)%é(r;l'ns\f@)zn q

obt ai ned whi ch had si nul t aneously under gone steps a), su

b), reducty i e S| ion., E - (CQ | SQR) :
Steps. o), TS RS Achla bt Py, AR MaiFhoP s ol N6 0EBRP T 2BF

whi ch had f, nder gone ,st | phur. zat i on, s..activated i dr ogen
25 s i n ELANS) HRASRIRNRARS B ke hhoRRl ciBhmanies i touEE araaits alnibhihe
poured_i nt eptane_i_n an_j ner t mpsphere with no passivation step. Non
passivgteH%QQW%byg?1P5M%§1@g$afﬁgﬁggggéygd in 11 heptane. The product was
tested like the_ other catalysts. It will be seen that the organic liquid
used (heptane)A@E§hﬁéwphéﬁﬁé”éﬁﬁﬁﬁﬁﬁeﬁﬁu%ﬁﬁm¢ﬁﬁpmi@“ﬁwﬁﬁwtEGMW$ﬁV%mfwﬁhc')
was carried out in the presence of a heavy hydrocarbon. EXAVPLE 9:

Char act er # FExtgsrpfméagen andrpiecantdiging it Yozsgigen i dutogdn fopddwimsathed SBroxmgam for
passi vated catal ysts were characterized by: 10 15 sul phur analysis (as is
and aft er 2howgthee alrderame hgdr, a nagnetic neasurement of the degree of
reduction NiO and a nickel weight balance to discern the degrees of

reducti on (nunBealysfG wes ebithinad whick 8hd aidergone stepsigdrebiyctivhien) f satphbiripitioh esid of
ni ckel atons), degree of sul phurization (nunber of atons of nickel bonded

t o sulphuc), passisstionm imGuecesdian. chi onetry of the N 3S2 type di vided by the
total nunber of nickel atonms) and the degree of passivation (nunber of

atoms of ni CKEAMILE Relnf €c68dd¥hé2 with the invention: steps a)-b) simultaneously, then c)

The commercial catalyst described in Example 2 was reduced in hydrogen in a rotary
tube furnace. Simultaneously with the introduction of hydrogen, TPS 37 was sprayed into the
furnace using a dosing pump. The following treatment conditions were employed: temperature -

15 450°C; time 6 h; gas 100% hydrogen; pressure normal. The TPS37 flow rate was 40.5 g/h per 1
kg/h of catalyst.

At the end of the simultaneous sulphurization reduction step, the catalyst based on
metallic nickel was purged and cooled in nitrogen for 4 hours. The reduced and sulphurized
catalyst was then passivated using a mixture of nitrogen and air containing 1% oxygen in

20  nitrogen for 2 hours, then 5% oxygen for 2 hours then air for one hour.

Catalyst H was obtained which had simultaneously undergone steps a), sulphurization
and b), reduction, and finally step c), passivation.

EXAMPLE 8: (comparison): steps a), b) in succession with step c), not in accordance

Catalyst B which had thus undergone step a), sulphurization, was activated in hydrogen

25  asin Example 3. At the end of the activation period, the product was poured into heptane in an

inert atmosphere with no passivation step. Non passivated catalyst I was obtained, stored in



di vided by the total nunber of nickel atons); a determ nation of the

sel f-heating nature of the catalysts to quantify the passivation efficacy:
the tenperature to which the catalyst has to be heated so that its
intrinsic tenperature exceeds 200C (Ti) maxi mum t enper at ure observed when
the catalyst was left in air after 3Ba55|vat|on at 150C in hydrogen for 4
h (T2). A large elevation in tenperat is characteristic of sufficient

depassi vahifite. The (i)?écﬁl:ﬁ’\lréscteit&ﬂﬂcélﬁlb Rehe? ce{tﬁ?s% i I?Rkﬁll b€ Qecd)thdt YiEH Qgaf@tid e of

aromatics (for exarrpl e tol uene conversion). reaction i s sel ected,
namel y tol4ange t I
wei ght of tolr(u ne ?%g g(%tﬂg eddﬂ ﬁﬁ%%@?ﬁa&go E%%BE 4p@3§gt%%? G%%) %gef{%m{ =

hour |y spﬂ%%rﬁgljéflérg%%at (I)Idm{;ara(gZ litres of feed per litre of catalyst per

hour) ; rogena 6l efi ns, neasured using a pyrolysis
gasoline by the wvariation i \/ nalelq anhydrlde i ndex,
characteristic of the 12 dldﬁ%%&ﬁgkg%(ﬁ Rarpsterizaiion testy follomﬁng condi tions:
pressure: 30 bars - tenperature: 100C - hourly space volunetric: 8 h"1 -
feed MV: 87. ulphprzed; Teduged spassiygsdoragp pa%wa@ﬁeataﬁstwﬁrﬁ|°E§aﬁ%rﬁa§ 8Yvat ed
in situusing a treatment in hydrogen at 150C for 4 h. 5 The results are
summari zed in the tsaipher dnelysin(asis enctafted talgeni keagliing), 1 wagretiv axcharensneefl the i or
to final use. a) selective sulphurization step; b) hot reduction step in
hydrogen; c¢) oxi didegmg ofasdictiat Noharst & pjckdlOwelghtdialanpa s disein e ddgeps of
Catal yst -A was not selective and converted too nmuch toluene as the too

hi ghly reactive nireketiom{manmbehatimetallic hekel 40a6Sdividedbly the ttdtalsiiinibati6f nickel

Catal yst C was not active for diolefin
atoms), degree of sulphurization (number of atoms of nickel bonded to sulphur,
10 assuming a stoichiometry of the Ni3 S, type divided by the total number of nickel
atoms) and the degree of passivation (number of atoms of nickel in the form NiO
divided by the total number of nickel atoms);

® a determination of the self-heating nature of the catalysts to quantify the
passivation efficacy: the temperature to which the catalyst has to be heated so that

15 its intrinsic temperature exceeds 200°C (T);

* maximum temperature observed when the catalyst was left in air after
depassivation at 150°C in hydrogen for 4 h (T3). A large elevation in temperature
is characteristic of sufficient depassivation;

e a catalytic test using 2 reactions:

20 a) - hydrogenation of aromatics (for example toluene conversion). A model
reaction is selected, namely toluene hydrogenation, under the following
conditions: 10% by weight of toluene in heptane — temperature: 70°C;
pressure: 30 bars - hourly space volumetric: 2 h™? (2 litres of feed per litre
of catalyst per hour);

25 b) hydrogenation of dioleﬁns, measured using a pyrolysis gasoline by the

variation in the MAV (maleic anhydride index, characteristic of the



hydr ogenation as the netallic N phase was not present. Catalysts D, F, G
and H were active and selective. D underwent steps a), b) and c), F

under went
under went
under went
white oi

steps b), c¢) and a), G underwent steps b), 15 a) and c), H
steps ab) and c). Catalyst E was active and selective. E: _
steps a), b) and c'). Step 2') was a step for passivation with

Catal yst | produced satisf& tory results in terns of activity

and sel ecti vi ty. HOV\BVerd1oIeﬁn§%ﬁtérﬁijm%ée? tﬁiﬁf?{ldﬁﬁ% Eondii@nd! %ﬁ%@su{e V’@Sbars -

strongly self-heating. Wile it cou

nar w care on

smal | | aboratory scal e, ﬁﬁgggﬁg QO@Q}qg%ﬂ n%% vﬁﬁ#%?cq?¥a”ﬁmﬂﬂﬂﬁ9f§fﬂ scale

with a light solvent suc

e na
er *22

pt ane 'S pores

ab) )" i op-and"ERYENGT BT B O el RS € B el heBh

crude (%
(% 01. 51.

5

10

15

20

g% 51. 5%13§%2-1. .61.5 W% sul phur in | eachate
dropengr 0 GIr hhegr ee of sul phuri zation (% 022222222212122

The results are summarized in the table below.

Example 1 2 3 4 5 6 7 8

Catalyst A C D E F G H 1

Number of steps* 2 2 3 3 3 3 3 2
b) a) a) a) b) b) ab) a)

Step and chronology c) c) b) b) ) a) c) b)

C) c’) a) c)

Wit% sulphur in crude (%) 0 1.5 1.5 1.5 1.5 | ‘14 1.6 1.5

W1t% sulphur in leachate (%) 0 1.5 1.5 1.5 1.5 1.4 1.4 1.5

Degree of sulphurization (%) 0 22 22 22 22 21 21 22

Degree of reduction 75 0 60 75 62 65 70 75

Degree of passivation (%) 20 NA 15 0 13 15 16 0

T, (°C) 180 | >200 | 190 | >200| 25 185 | 190 | 25

T, (°C) 304 25 315 | 25 | 310 | 307 | 305 | 310

Toluene conversion (wt %) 16- 0 0 0 0 4 2 0

MAYV of product obtained 21 83 40 42 41 41 41 41

* excluding in situ reactivation step prior to final use. '

a) selective sulphurization step;

b) hot reduction step in hydrogen;

©) oxidizing passivation step;

d) oil passivation step.

- Catalyst-A was not selective and converted too much toluene as the too highly reactive
nickel atoms had not been passivated with sulphur. Catalyst C was not active for diolefin
hydrogenation as the metallic Ni phase was not present. Catalysts D, F, G and H were active and
selective. D underwent steps a), b) and c), F underwent steps b), c) and a), G underwent steps b),
a) and c), H underwent steps ab) and ¢). Catalyst E was active and selective. E underwent steps
a), b) and ¢’). Step ¢’) was a step for passivation with white oil. Catalyst I produced satisfactory
results in terms of activity and selectivity. However, in contrast to catalyst E, catalyst I was
strongly self-heating. While it could be handled in air with care on a small laboratory scale,
safety problems would arise on an industrial scale with a light solvent such as heptane

impregnated into its pores.




Degree of reducti on750607562657075 Degree of passivation (% 20NA1501315160
T1(C) 180>200190>2002518519025 T2( C) 3042531525310307305310 Tol uene ’
conversion (wt 9 160000420 MAV of product obtai ned2183404241414141 13
CLAIM5 1. A process for "ex situ" treatnent of a catalyst which has to be
reduced prior to use, said catalyst cqoptaining at |east one netal from
group VIIl of the periodic table and ichis free of group VI netals,
deposited on a support, consisting of cgaqiyg Ng out three steps a), 5 b),
c): a) bringing the catalyst into contact wth at |east one

sul phur - cqnt ai Ri DekesPHE né)g[ ﬁ{u”;xggﬂ}fém A Skt LRSS ﬁ)ede%g&dcgfgﬂrircg?% H%e? Yaid

treating said catalyst w hydrogen at a tenperature above
temperature (sten kel - T i X %:3 assivating saj.d talyst, .
carried out by aco‘r’ﬁt acﬁ%nlg%g%%%@gl%n elta#grro %’B‘épaﬁihg 3 thle ﬁrll%iilcotraggyan%@cﬁh 2t ng
treatment car rfreedoifu(t) bﬂ ore uri%%g or after steps a% and b% 2. A
process accor difgPt&W 4t BEpls: d5potlisd O 2 HRPHE SORF SRR Pt cay e s three Py
sel ect ed fror’%trge group constituted by a white oil, a gas oil and a
hexadecane. BC): A process according to claiml or claim2, in which the
catal yst contains nickel. 4. A process according to one of claims 1 to 3,
in which the c&talyst cérpgingshaicarlyst ingegoniat evittoat eagugnsotuiphanepniainingi ch
the three steps are as follows: a) bringing the catalyst into contact with
at | east one sul phur - corgeiter ergnpeyad(steprterned sgleativatiqndt ep t er ned
selectivation), the step being carried out in the presence 20 of at |east
one solvent; bbY) treati ngrestaigdsaidtcatalyst wiikt hydwygbnogien tahpaattienperatantbéenibove
anbi ent tenperature
temperature (step termed reduction);
10 c) passivating said catalyst, carried out by contact with a heavy inert organic
liquid or by oxidizing treatment carried out before, during or after steps a)
and b).
2. A process according to claim 1, in which the heavy inert organic liquid is selected
from the group constituted by a white oil, a gas oil and a hexadecane.
15 3. A process according to claim 1 or claim 2, in which the catalyst contains nickel.
4. A process according to one of claims 1 to 3, in which the catalyst contains nickel
deposited on a support and in which the three steps are as follows:
a) bringing the catalyst into contact with at least one sulphur-containing agent or
compound (step termed selectivation), the step being carried out in the presence
20 of at least one solvent;
b) treating said catalyst with hydrogen at a temperature above ambient temperature
(step termed reduction);
c) oxidizing passivation of said catalyst.

5. A process according to one of claims 1 to 4, in which the catalyst is constituted by

25 nickel oxide deposited on an alumina.



(step ternmed reduction); c) oxidizing passivation of said catalyst. 5. A
process according to one of clains 1 to 4, in which the catalyst is
constituted by 25 nickel oxide deposited on an alumna. 14 6. A process
according to one of clainms 1 to 5, in which steps a) and b) are carried out
in the order a) then b). 7. A proces§4according to one of clains 1 to 5,
in which steps a) and b) are carried out in the order b) then a). 5 8. A

process accog.di Nga R)cgﬁealc%diﬁ%?cj (%& F?r% cfaﬂnél toi yln"%lﬁgs’[?ﬁg%g%’leﬂ% fa A A&i oaf &

carried out sinultaneous ocess accordi ainms 1 to
6, in which the s re.in.the order a) then b) then c). 10. A process
according to onet%gg%*gﬁﬁgm%gto 5 and 7, in which the steps are in the
order 10 b).,then,a) then c

.. 11. A_process cconq%n to one of clagins. 1 to
S and 7 i bt o PhstSedstding b gy RS b i hitbee) an S gt ut i
process according . to one of clainms 1 to 6 and 8, in which steps a) and b)
are carried out 9 AdeERIREAIy and are followed by step c¢). 15 13. A
process according to one of claims 1 to 12, in which during step a), the
catal yPic n#ss i4 PsacessrasePrding o ame dleddaimsdrie Ssinl wideh stepsdh) and blere cargpdout
sul phurized agent at a tenperature of 0-50C. 14. A process according to
one of clainms 1 tsmdlBnepuslywhi ch, in step a), in the case of an organic
solution or suspension, a white spirit, an al cohol, a polyal cohol, a glycol
or a 20 pol 99! yclprdcessus@dding o ond of clates B tods; dowldththe stepoare intthe olbed)itenl t 0
14, in which reduction step b) is carried out in hydrogen between 250C and
600C. 16. A proceaysheacpording to one of clains 1 to 15, in which during
said step c¢), oxidizing
10. A process according to one of claims 1 to 5 and 7, in which the steps are in the order
10 b) then a) then c).
11. A process according to one of claims 1 to 5 and 7, in which the steps are in the order
b) then c) then a).
12. A process according to one of claims 1 to 6 and 8, in which steps a) and b) are L""__'c-.arried
out simultaneously and are followed by step ¢).
15 13. A process according to one of claims 1 to 12, in which during step a), the catalytic
mass is stirred with at least one solvent and at least one sulphurized agent at a
temperature of 0-50°C.
14. A process according to one of claims 1 to 13, in which, in step a), in the case of an
organic solution or suspension, a white spirit, an alcohol, a polyalcohol, a glycol or a
20 polyglycol is used.
15. A process according to one of claims 1 to 14, in which reduction step b) is carried out
in hydrogen between 250°C and 600°C.
16. A process according to one of claims 1 to 15, in which during said step c), oxidizing

passivation of the selectivated and reduced catalyst is carried out between 0°C and

25 150°C, preferably in a moving bed, at a partial pressure of oxygen which is initially in



passi vation of the selectivated and reduced catalyst is carried out between
0C and 25 150C, preferably in a noving bed, at a partial pressure of '
oxygen which is initially in 17. 5 18. 19. 1020. 21. 1522. 15 the range
0.001 to 0.02 MPa and being progressively increased to the nom nal - val ue

of oxygen in air. A process accordinglgo one of clains 1 to 16, in which
sai.d sul phur-containing agent or conpound is selected fromthe group

constituted by di glhapelodiciubRtdgpi RS Qg{g j

el enental sul phur. Agr%(raocess accordi ng togo 1856 %fyglﬁ%%%&%ﬂlg%m?l%?ech

t he degree of sulgfm{y'gépﬁli n of the nmetal is in the range 10%to 30% A
ne

process according to Sf claims 1 to 18, in which the degree of

reduction of ;the ,catalyst priaqor to ssivation i's.at Je 40% . A process
10 AT RoBIERE obo PRI S el b S P

according to one oft"
| east the major portion of Hhe | vent used for conLactingthe cat al yst
with the sul phur %r‘i?&’é’g‘én §pe W@f@ﬁ‘éﬂ&t@% constifytedby digthenoldssubhide; (PEODS),
hydrocggbons. cont ai ni ng or sul phurized conmpound or agent is elimnated. A
process accor di ngPMP S relyslpkidesiand elemerfabplphim whi ch, at the end of steps
a), b) and c%, said catalyst is reactivated with hydrogen "in situ". Use
of the catal V&t obtpaeossscerqrdingéo pneod ekimst ol 7dinnghittothe degred ofshiphwrizationt af 21
in a
the metal is in the range 10% to 30%.
19. A process according to one of claims 1 to 18, in which the degree of reduction of the
catalyst prior to passivation is at least 40%.
10 20. A process according to one of claims 1 to 19, in which at the end of step a), at least
the major portion of the solvent used for contacting the catalyst with the sulphuz-
containing or sulphurized compound or agent is eliminated.
21. A process according to one of claims 1 to 20, in which, at the end of steps a), b) and
¢), said catalyst is reactivated with hydrogen “in situ”.

15 22.  Use of the catalyst obtained in the process according to one of claims 1 to 21 in a

process for hydrogenation of aromatic or olefinic hydrocarbons.



