PROCESS FOR' | NCORPORATI NG SULFUR | NTO THE PORES O A
HYDROCARBON TREATMENT CATALYST It is often desirable to.perform
sul furation (generally called "presul furation") of metals thatifall> within
the conposition of certain refining catalysts and/or hydrocar

hydr oconversi on catal ysts, either when these catal ysts are ne a(,%}‘hég
end of the regeneration of these catalysfs before they are reused.

Presul furi zing new or regenerated catalysts is thus desirable in order to
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hydrodesulfurizing or hydrocracking of various petroleum fractions whose sulfur
content has to be reduced or whose other characteristics are to be improved before
use.

Such reactions (in particular hydrotreating) are generally carried out in the
presence of hydrogen, between 200 and 400°C at a pressure of between, for
example, 5 and 200 bar, with a volumetric flow rate (expressed in m® of liquid
injected batch per m? of catalyst and per hour) of between 0.1 and 10.

The catalyst that is used for this type of hydrotreating contains a substrate,
for example an alumina or alumina mixtures (Patent USP 4 334 982) or any other
suitable substrate based on at least one oxide of a metal or metalloid, such as
magnesia, silica, silica-alumina, silica-magnesia, boron aluminas, clay, carbon,
fluorinated alumina, whereby said substrate mixture or substrate mixtures can come
at least in part in amorphous form or in crystallized form (zeolite), and the catalyst
also contains 0.2 to 30% of at least one active metal of groups VI, VIl or the like
selected from, for example, the group that consists of cobalt, molybdenum, nickel
and tungsten (USP 3 732 155 and 3 804 748). A pair of two of these metals, for
example, one of the cobalt-molybdenum, nickel-molybdenum, nickel-tungsten pairs,

is generally used. As an example, it is always possible to
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new or rege% rated, before being used, I's generally subjected to
sul furation ?B esul furation) that is carried out in a 5

hydr odesul furation reactor. This sulfuration nmakes it possible to include
in the cHiusl, ys the froor ark dbgptatalysth maw drregenetdteds befotenbeing used,

stoi chionetric anounts of sul fur that are cal cul ated based on the
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Co[err]S[err],” MS[err], Ws[err] and Ni[err]S[err]
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hours, with a m xture of sulfurat ed hydrogen that is general I y
diluted in ithatr arg egalquiated dasgd ou|the amayutshof fergaifa tsylfur (accordingdedgen on
the order of 0.5 to 5% by volunme) (USP 4, 334,982). The
metals present), Co,S;, MoS,, WS, and Ni;S,.
This sulfuration (presulfuration) is carried out, in the prior art, at a
10 temperature that is close to or higher (i.e., greater than 180°C and more
particularly above 250°C) than the reaction temperature that is selected for the
hydrodesulfuration reaction, for some hours, with a mixture of sulfurated
hydrogen that is generally diluted in hydrogen (ratio of sulfurated hydrogen to
hydrogen on the order of 0.5 to 5% by volume) (USP 4,334,982). The
15 sulfuration (or presulfuration) itself can be carried out in temperature plateaus
(European Patent EP-B-64429). It is possible to use various sulfurizing agents,
other than sulfurated hydrogen (H,S) and, for example, a sulfurated compound of
the family of mercaptans, carbon sulfide (CS,), sulfides or disulfides, thiophenic
compounds and, preferably, dimethyl sulfide (DMS) and dimethy! disulfide
20 (DMDS) or polysulfides.
For example, for hydrocarbon hydroreforming reactions, the catalyst can
contain, for example, at least one metal from the platinum family, i.e., a noble

metal such as platinum, palladium, iridium, rhodium, ruthenium, or osmium that

is deposited ofi a ‘suitable substrate (alumina, silica, silica-alumina, fluorinated
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i s deposited on a sui tabl e substrate (alumna, silica, silica-alum na,
f1 uori nat ed relative to the catalyst. The catalyst also can contain generally at least or

alum nas, fluorinated silicas, zeolite, etc... or mxtures of such
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(chlorine, Iuorlne ) wth a conten
appropri ate, a st aI SQ_coptai ns, st one pronoter netal that is
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For these reactigns for catalytic reformng or for aromatic hydrocarbon
production, the 5OF fhfsauriions foneatmbicorelomuag ar oo dremati hydracsrbon
acconpani ed by hydr ogen reduction of catalyst and is carried out at
or near the preduttion, thecsulfifation ofcthe tnew. orlfegerictipé rcaﬁalyrsmsl decbimpasied oy at i on
zone is dictated by the tenperature

hydrogen reduction of catalyst and is carried out at or near the head of the

10 reactor. The temperature in the sulfuration zone is dictated by the temperature
at which the reduction is carried out or generally between 480 and 600°C in the
majority of cases. The difficulty of this type of on-site sulfuration, i.e., near the
reactors, has involved sulfuration operations that are often tedious, though
effective (USP 4,172,027).

15 The sulfurizing agent that is used in the prior art is sulfurated hydrogen that
is either pure or diluted with hydrogen (under the operating conditions that are
indicated above) or with gaseous hydrocarbons, or even dimethyl disulfide that
is diluted with hydrogen, or other sulfurated compounds, such as alkyl sulfides
or alkyl mercaptans, diluted with hydrogen.

20 Sulfuration (presulfuration) of a new or regenerated catalyst is also suitable,
in some cases, for partial or total catalyst sulfuration, also based on one of the
substrates already cited and at least one of the active metals already cited, which
can be used in reactions, hydrocarbon conversions such as the reactions of

hydrogenation, dehydrogenation, alkylation, hydroalkylation, dealkylation,
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presul furation can be carrjed out advant ageously according to one
of the techrir&RaRirgion pypesyisihgdrograckingat Huduocracking (agrisrtries ferithabmatser,
Anot her refining reaction that can be specially adapted to these
of cracking)) of heavy fuel fractions is a very important process of refining,
which makes it possiblé to produce, from excess heavy batches that cannot be
10 readily upgraded, lighter fractions such as light gasolines, light jet fuels, and light
gas oils that the refiner seeks in order to adapt his production to the structure of
the demand. The batches that are used in hydrocracking are gas-oils, gas-oils
under vacuum, deasphalted or hydrotreated residues, or the like.
The catalysts that are used in hydrocracking are all of the dual-function
15 type, combining an acid group with a hydrogenating group. The acid group is
supplied by substrates with large surfaces areas (about 150 to 800 m?g?) that
exhibit superficial acidity, such as halogenated aluminas (chlorinated or
fluorinated, in particular), combinations of boron and aluminum oxides,
amorphous silica-aluminas and zeolites. The zeolites are currently valued highly.
20 They are used alone or mixed with an amorphous matrix. The hydrogenating
group is provided either by one or more metals of group VIII of the periodic

table, such as nickel, palladium or platinum, for example, or by a combination

of at least two metals that are selected from among groups VI of the periodic
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The netal s giriartte itsawsel ysts that are used in refining, hydrorefining or in
The regeneration of catalysts is now being done more and more by someone
10 specializing in catalyst regeneration, sometimes away from the industrial unit. It
seems reasonable, however, to consider returning to the refiner a product that is
ready for use; this is done in order to make possible the efficient process of the
applicant’s European patent EP-B-130850 (or US-A-4530917), in which a
sulfurated compound is incorporated into the catalytic compound and said
15 compound causes the sulfuration or presulfuration of the catalyst when, later, the
catalyst is brought into contact with hydrogen in the reaction zone (zone for
treating the batch) or in the immediate vicinity of the reaction zone. Of course,
the incorporation of said sulfurated compound can, if desired, be carried out close
to the industrial unit or even on the site of catalyst treatment; the process for
20 incorporating said sulfurated compound can be carried out off-site also on a new
or regenerated catalyst, before its use in the industrial unit.
More specifically, in the applicant’s European Patent No. EP-B-130850 or
US A 4530917 (process called SULFICAT), the process of sulfuration of the?

catalyst is therefore characterized by a so-called preliminary stage for



petrochem stry, whether they be new or regenerated, are nost often in

oxidized + 5 form Wth the netals of these catal ysts being often active
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sul furated form however, it is therefore necessary for the refiner
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or in zones that are more or less in direct communication with these reactors, thus

10 requiring operations to be carried out under operating conditions (of temperature,
pressure or the like) that are imposed at least in part by the operating conditions
of the reactors themselves or attachments to these reactors (preliminary
hydrogenation zone of the catalyst, for example).

In short, the applicant’s European Patent EP-B-130850 relates to a process

15 (which is thus called SULFICAT) that makes it possible, when the catalyst will
be subjected from start-up, preferably on site ("in situ"), to initiate the standard
activation reaction in the presence of hydrogen, above 100°C, and then thanks to
the presence of hydrogen on the site, to undertake the sulfuration at the required
rate, stoichiometric or non-stoichiometric, of the active metal or active metals that

20 are part of the composition of the catalyst. The process consists in incorporating
at least one organic polysulfide into the pores of the new or regenerated catalyst
in the absence of hydrogen.

The sulfuration of the catalyst can thus be done as follows: in a first stage,

which is performed "ex-situ," with no hydrogen, the catalyst is treated by means
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hydr ogen.
S 10 of sulfur required by the user. The catalysts are therefore supplied to the refinery
or to any other unit thus preconditioned for sulfuration.

The refiner, or any other user, therefore has only to reactivate this catalyst
in the presence of hydrogen at a temperature of, for example, 100 to 400°C for
a hydrotreatment catalyst in order to make the sulfur react on the metals contained

15 and then to start the reaction of refining or of preserving hydrocarbons by
injecting the batch to be treated.

Di-tert-dodecylpolysulfide (TPS 32 of ELF) can be cited as a preferred
example of polysulfide. Di-tert-nonylpolysulfide (TPS 37 of ELF) can also be
cited. For reasons of process, it is obviously possible to use these sulfurizing

20 agents such as polysulfide alone or mixed with one another in judiciously selected
proportions.

The first stage mentioned above is carried out with no hydrogen and makes

it possible to obtain with great precision the total or partial degree of sulfuration

that is required by the user. This incorporation of sulfur is carried out between



The sul furation of the catalyst can thus be done as follows: in a first
stage, which is perforned "ex-situ,". with no hydrogen, the catal yst
is treated by neans
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10 the above gasolines.

Below, at or near the site (where the catalyst will be used for the treatment
of various batches), during the standard activation reaction that is performed with
hydrogen (second stage of the process of European Patent EP-B-130 850), the
sulfurizing agent that is introduced into the catalyst in a predetermined amount

15 will be able to give rise to the sulfurated hydrogen which, with hydrogen, will
lead to sulfur or to the desired sulfurs of the metal or metals that are present in
ﬂ}e catalyst according to, for example, the following exothermic diagrammatic
reactions (1) (2) (3) with regard to, as examples, the sulfurations of molybdenum,
cobalt and nickel:

20 (1) MoO; - MoS,

(2) 9CoO - Co,Sq

3) 3NiO - Ni,;S,
In the applicant’s EP-B-181 254 (or US-A 4719195), it was found that

during a first part of said second stage, the presence of hydrogen not only is not
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show that as long as the catalyst does not subsequently reach a certain temperature

of 275°C and does not remain at at least 275°C for at least several minutes, this
10 catalyst remains devoid of catalytic activity.
The SULFICAT process that is described above was improved after it was
discovered that the qualities of the methods described in Patents EP-B-130 850
(US-A-4530917) and EP-B-181254 (US-A-4719195) of the applicant are further
improved if the organic polysulfide is used not alone, but mixed in critical
15 amounts with elementary sulfur. The use of elementary sulfur alone for the
presulfuration of catalyst is described in patent US A 3177136 (Herrington), but
the results that are obtained are fairly disappointing although correct. In US-A-
3177136, a catalyst is presulfurized with molten elementary sulfur at around 100-
150°C, preferably 110-130°C and with no hydrogen. The catalyst that is thus
20 presulfurated is then treated in the presence of hydrogen to transform the
elementary sulfur into H,S at between 200 and 600°C.
Curiously, however, the ultimately inadvisable use of elementary sulfur
alone (too quick a start-up, clogging, etc.) provides synergy in off-site

presulfuration when this elementary sulfur is used mixed with an organic
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sai d second sta t he presence of hydrogen not only is not

9 nec &easterm, ofptar examples meadtenrsutyr, sutfur powdere or peifunfiourdacsordidg The

second part of t he second stage can be carried out wi th hydrogen.

The latter i soganetiedbly nedtiod, €6r example, tHeUdnel dessribed Bnthe pplicditTsejatsrg mer ge
with the start-up or the start itself of the refining reaction or

petrochegi calgp.gagkbe for which the catalyst is designed. It 5 has
been found that in tﬂj; first part of the second stage, despite the absence

f hyd th t I t | f '
gscertai ned %yr g%@feygﬁ gg%gga proceSses S"??fﬁ% E-le{}%?paWB &%ﬁnﬁgg&?ﬁve%’éoms
bl ack. In contrast, chem sorption test as |long a
catal yst doe®Yride @Hb%?é’&u‘é’htc ylsrcbfé‘émbed incEPB-66 éﬁﬁeﬁlﬁ'ér@ﬁ 163) Callé@

275[err]C and does not remain at at |east 275[err]C for at |east several
m nut es, thi SSURECAT" and relates to the presulfuration of the catalyst accompanied by

passivation.  Actually, in the fields of refining and petrochemistry and
10 particularly, as an example, in the reactions of catalytic reforming or of selective
hydrogenation of gasolines, it is at times appropriate to reduce the activity of the
catalysts that contain metals such as, for example, platinum, palladium, rhenium,
iridium, tin, and nickel. Thus, the case of catalysts with nickel, which are
excellent catalysts for, for example, hydrogenation of aromatic compounds to such
15 an extent that they can cause runaway during start-ups of new or regenerated
catalysts will be cited, even resulting in start-up mishaps and destruction of the
reactor. It is therefore pecessary to initiate passivation treatment that makes it
possible to avoid these runaways. This treatment generally consists in irreversibly
poisoning with sulfur the most virulent active nickel sites that are present on the

20 new or regenerated catalyst.
The object of the improvement of SURECAT makes it possible to improve
the techniques of prior art and to work under simplified conditions that are less
constraining for the refiner. According to "SURECAT," there are simultaneously

performed (a) the impregnation of the catalyst with a sulfur compound and (b) the



10  catalyst remains devoid of catalytic activity. The
" SULFI‘CAT process that is described above was inproved after it was
di scovered that the qualities of the nmethods described in Patents EP-B-130

850 (US- A-4530917) and EP-B-181254 (US- A-4719195) of the applicant
are further I nproved if the orga,ﬁl c polysulfide is used not al one,
but mxed in critical 15 anounts with elenentary sul fur. The use of

el enentary swdudtiorlof ifis Eﬂﬁl_}f%ﬂ‘e’l‘ he reducnoxpéietﬁb' Icﬁtld[}%i is‘h’l‘sd)a{ccﬁﬂx%)ﬁk%ﬂtwitﬁ
described in patent US A 7136 Herrington), the results that

3177136 o carargepeehdhp PP@%’S%‘E‘{ h“ﬁ%gfrﬂén&érifﬁ&ﬁf@vgﬁ%ﬁm?

H

around 100- 150C, re abl%, 110- 130 errcie%[ nd W|th hydr.ogen.
The cat al yst OTHRRIC Tedufingco afiRBeASeRFIGcLe iR ameng the FAUGIRg
presence of hydrogen to transform t he el ementary sulfur into
Herr]S at beempevndsabatard dssajbsdrin@P-B-303,525 of the applicambusAsya prefesredr, the
ultimately inadvisable use of elenentary sul fur al one (too quick a

start-up; cl ogmpognd,dormic feid HCEOHS Yty Yointate HEOOUTH,, and ethyl formate
presul furation when this elenmentary sulfur is used m xed with an organic

10 peicool &) He wﬁ eScifePr oved techni que of the applicant, called
( SUPER PLUS), 3 gjsérelmged i n EP-B- 448435 or US-A 5, 139, 983.

5 Lle?ﬁ Pt “Sut Elrf gom%’?"ﬁ?fr pictiess, Pff‘F‘Su?PP?ﬁ%‘Eo;H&F‘H&e%OEH E‘gj@g?%pe ﬁ;ﬁ l t&ﬁ? abl e

nmet hod, for exanP t he one described in the applicant's patent
EP- B- 153233, Presulfuration of the catalyst is carried out either in the presence of at least one

organic polysulfide, or in the presence of elementary sulfur, or by means of at
10 least one organic polysulfide and an elementary sulfur at the same time.
Preferably, a mixture of at least one organic polysulfide and an elementary sulfur
is used. The solvent used is generally and preferably a white spirit or an
equivalent solvent.
In the old methods, during the start-up stage of the catalyst in the refinery
15 unit, exothermic effects that were at times significant were noted, and this method
makes it possible to reduce them. The existence of exothermic reactions in the
reactor is eliminated or reduced by operating according to this new improvement,
which consists in using as a solvent not a white spirit that is used alone, but rather
a suitable mixture of a white spirit (or equivalent solvent) and at least one
20 compound or component that contains carbon-bearing bonds such as olefinic
bonds and particularly, for example, such as triglyceride bonds. This process
makes the sulfur penetrate the pores of the catalyst by dissolution.
To achieve this improvement, the catalyst is brought into contact with

elementary sulfur and a liquid that comprises a sulfurizing agent in the group of



The precedi ng processes were the object of another type of inprovenent

by the applicant, which is described in EP-B-466 568 (US-A-5153 163) called
"SURECAT" and relates to the presulfuration of the catal yst acconpani ed by
passi vati on. Actually, in the fields of refining and petrochem stry and
10 particularly, as an exanple, in thg reactions of catalytic reformng
or of selective hydr ogenation of gasolines, it is at tines
appropriate fogganis poB/stilfiles\C4 isylivent fichtdiewhite spirit arad adlyet ssolveat, aighhai n
nmetal s such as, for exanple, platinum palladium rhenium i ridium

tin, and ni C!{ég{ngggxgﬂjs%crﬁ J&ear?@f%ﬁnog?cg ?Heﬂl téé fixitdrd B mbgé]ﬁéd to"fidaf fredfrffent

excel l ent ca , for exahp ydr ogenat 1 on aromat 1 ¢ conpounds
to such 15 an extent that they.can cause . .runaway during start-u of
new or regendidhibgimed at, ont a?%n?égsea‘ﬁ‘mauﬂ%ﬂ%ﬁ ScOZ‘H’, {ei\)lgrﬂpgg%?ﬁﬁgafﬁﬁ
start-up m shaps and destruction of the reactor. It is therefore
necessary t oCayfing parsicpladyiacombirationgasqiiontbetween the rismentary sulfur anddbesi bl e
to avoid these runaways. This treatnment generally consists in irreversibly
poi soni n§ wi tdbulslel Baakis tofehdrolefinid cothpoindac They heat wwéatinenl isecartiediountea
present on the 20 new or regenerated catal yst. The obj ect
|

of the inpro lglg&;@;l ¢ S5y Ogrl ° e
) %tru?%r%% nd t()drigvaf{foeriﬁou(trzld’r,gira éﬂleﬁéﬁ'??l?l%ﬂgﬁ%gﬁléﬁ ilggsc’t hg?lgare

t echni ques of p
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with a sul fur conPound and (b) the
polysulfide.
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It should be noted that other patents, and particularly US-A 5,215,954, also

10 relate to the presulfuration of catalysts by a method that makes it possible to

incorporate elementary sulfur into the pores of the catalyst; but here the
elementary sulfur penetrates the pores basically by melting or by sublimation.

Later, an effort was also made to improve the techniques for presulfurizing

a catalyst in the case where catalysts are used that are suited for special

15 constraints. A process for presulfurizing a catalyst, called bi-phase, is described

in EP-B 628347 of the applicant and is characterized by the use of a

presulfurizing agent that contains (a) at least a first sulfurated compound with a

decomposition point T1 that is less than 220°C and (b) at least a second sulfurated

compound with decomposition point T2 greater than about 220°C. All of the

20 preceding methods are the object of an additional improvement of the applicant,

which improvement lends itself to the presulfuration of a large portion of the

catalysts that are mentioned in the preceding pages. This improvement, called

TOTSUCAT and described in French Patent Application 94/12096, consists of a

process that comprises the incorporation of a sulfurizing agent that is selected



reduction of this catalyst. The reduction of the catalyst is also
accomplished with an organi ¢ reducing conmpound, i.e., in the
absence of fresh hydrogen. The organi ¢ reduci ng conpound is

advant ageously sel ected from anong the reduci ng conpounds that are
described in EP-B-303,525 of the applicaniz As a preferred 5 conpound,
formc acid HCOOH, nethyl fornmate HCOOCH3, and ethyl fornate HCOO

Cerr Herr] Vo tRegfoub&at consists, for examplé,pAfOIIAAY ofeRif&Rargf sulfie and
applicant, described in EP-B-564 317, the presul furation of the

catalyst is ¢ I ed | I.n

organi ¢ pol ys@?éﬁngce?&g%ulﬁqg{]ﬁéo pﬁ' gi&;rﬁ%eggi%e gnrr%{r%t(gﬁaﬁ sga%?ul?l,nﬁ%e 8§/ ler%%ans
of at 10 I?ast one organi ¢ pal ysul fide and an.el enentary sulfur at the
came tine.  Jarge papimiodha BPiEs OF tHIS,CAANST.GVItA LAt MCOFPQSAOT, bej carried out

pol ysul fide and an el enmentary sul fur is used. The solvent used is
gener al | y and ipthef preatiog of adsolventswhichtcontaizsicompletely oedmipattl ® componengnt . -
In the old nethods, during the start-up stage of the catalyst in the

refinery 515 such/id blefixet b olefimi® Fa8abis, fofdxaiples shth tas NREe@bRNGl, caat
were noted, and this nmethod makes it possible to reduce them The

exi stence of GxiNEIThforeR Chith Qﬁe{p IéegkecomFﬁ%iP% FQRELAT of ﬁleeézfd%?%/ﬁﬂ or

e
reduced by operating cording to S new venment,

consists in usi as a.sol vent. not ite . spirit that is.used alone, but
Fat her Hydrhegh alpveriiog g ol e Bz sage o6 oxBIAIRG 2SRRI vent
and at |east one 20 ~ conpound or conponent that contains carbon-bearing
bonds such as ol efTiis énvention is amhiprprevement parall efithe meghodsf "écsipl @, "exach as
triglyceride bonds. This process makes the sul fur penetrate the
pores of the chah'alsyfurdriondos peesulfupation of catalysts that dre aséd eaetiduldrdy in

| mprovenent, the catalyst is brought into contact with el enentary
sul fur agg a kifnhg/peRBtheriSiy.! IeRe1stes W b thdBdd Sord@eSpol Ring Gl B AL
pores of the catalyst. The sulfur that is introduced into the catalyst is bonded to
active metals of the catalyst (molybdenum, tungsten, nickel, cobalt or other
metals), which means that if lixiviation of the catalyst is done (extraction by
solvent, even at a high temperature), the majority of the sulfur remains in the
15 cafalyst. The sulfur can be introduced in the form of sulfurated hydrogen in a
process according to the invention in a single stage, but it can also be introduced
in the form of elementary sulfur or any other sulfur compound. In the
implementation of the invention, the presence of pure or dilute hydroéen is
necessary to help the sulfurated hydrogen penetrate the mass of the catalyst or,
20 when not fresh sulfurated hydrogen, but element-z.xry sulfur or a sulfurated
compound is used to transform at least a large portion of the elementary sulfur or
the sulfurated compound into sulfurated hydrogen. The sulfurated compounds that

can be used are all sulfurated compounds that can decompose under hydrogen into

sulfurated hydrogen, such as, for example, elementary sulfur, mercaptans,



12 organi ¢ polysul fides, a solvent such as white spirit or a

rel ated solvent, and a conpound such as an olefin, and then the_

m xture is subjected to heat treatnent - that is ained at, on the one
hand, elimnating the solvent, and, on the other hand, causi ng
particularly a conbination reaction betywen the elenentary sul fur and the

5 doubl e bonds of the olefinic conpound. The heat treatnent is carried
out at a sulfidest elipeafiddsirar ofyggneadmpountdsrof 10@[ silfurC aanwelbrasf organic/
greater than 120[err]C. The el ementary sul fur is thus conbi ned

partially orpdipsanfi@dse! Thé Brdche fs0M149 Harfkterized by tHeOfa¥StHat it0B-carried out
It should be noted that other patents, and particularly US-A 5,215, 954,

"t “possi bi o fgreravlyn's yfERcer thaah ok ' Baf 3 Sotited, BRCSAE, "TRES

catalyst; but here the, . .elenmentary sul fuyr genet[at es the pores
basi cal | 'y byoGeers trfylasaties, tha is| diffgreng from its final site of usey feoroutside of iy t was
al so nade to i nprove the techniques for presul furizing a catal yst
in the case hytdeocarben hydrotenverdon sediari(aff-siteeorsax-sieg. f or special 15
constraints. A process for presulfurizing a catalyst, called bi-phase, is
descri bed in EP-B 628347 of the applicant and is characterized by

the use of arhe inventionPh8y Bk firdpleAieRtePIIE Mstdnta tbetwdraBd anta50aC, lpeaistatly
first sulfurated conpound with a deconposition point Tl that is

l'ess than 230wgeed G RN GnPlodic| £/ tn atSIBEONENnE Usthyé adrRi] for exampleoimaund

wtth deconposition point T2 greater than about 220[err]C Al of the 20

precedi ng Teods s e Phish i mBtnRdie hoRR shPHENETRNy Sheld e
sulfurated compound is sulfurated hydrogen. In this case, contact between the

10 catalytic compound, sulfurated hydrogen and hydrogen, with the possible presence

of water vapor, is achieved primarily if the operation is carried out at a relatively

low temperature. The process can be executed in the presence of water. The

presence of water vapor can enhance the quality of the sulfuration primarily when

the operation is carried out at a low temperature of between 80 and 250°C, and

45  preferably between 100 and 200°C.

The invention can also be implemented in one stage if, instead of sulfurated
hydrogen, a sulfurated compound which is going to decompose immediately into
sulfurated hydrogen is introduced in a mixture or simultaneously with hydrogen.
This sulfurated compound is selected from the group of mercaptans, sulfides,

20 disulfides, polysulfides, and oxidized compounds of sulfur. For example, butyl



"whi ch irrbroverrent lends itself to the presul furation of a | arge portion of

- the- » catalysts that are nentioned in the precedi ng pages. This
i mprovenent, called TOTSUCAT and descri bed in French Patent
Application 94/ 12096, consists of a process that conprises the

i ncorporation of a sulfurizing agent tHat is selected

13 e oy ha ons p ' ar f
el enentary su%ﬁh{aﬁll ngirunetl?xyf sutlgcﬁ rdl %M ygﬁ}lmésbﬁ% &*llflg‘lrrocljéar/ gn
treatment catal yst, and in nore or i’F art into the pores of
this catal yBRlysWifides; t%ﬂv’hé@)‘f%ﬁ‘%tﬁugﬁlaﬁ& plg. MM DeddteByt in the

presence of a solvent which contains conpletely or in part a conmponent 5
such as ol efi n diheaimvehtidn cdrc also chet implemented dr 4ol $agasuc Duxingvibgefiesbl e oi |,

or a simlar conponent, with the process conprising treatnent of

the catal ysapé,tthe catalytic coRysbuaaas dfrokly/afRed dathahe elddmeiry]seifupgd then a

stage of oxidrzing paSSI vation. . This invention is an

I mpr ovegrent (0]

suI furati onthg&ugélgscﬁ’ s a? qg%,@pﬁagq{, Fél&ﬁle?%%&égen?éggdnpar Psceukél#y in
refln etrqQchem s rel ate rrethodfo orating

suI fur int 0{1}(%88 L 15 POsg) H?s O&Pef%%“ﬂgﬂt I?%C%EBF? 8 atnglpnfssuc

i ntroduced into the catalyst is bonded to active netals of the

cat al yst (nas thosedesaribed absvein cannedtisin, with idesaripsions of ghe techniques ofethal s) |
whi ch neans that if lixiviation of the catalyst is done (extraction by
sol vent, evgHoghrtd phitithld 5 WRKespirie) . the mpjority of the sulfur remains in

the 15 cat al yst The sul fur ‘can be introduced in the formof sulfurated
hydrogen in a p js optionally possible at this stage to add an olefinic oil or a vegetable oil
10 to the white spirit. This contact is made, for example, at between 10 and 320°C
preferably between 80 and 250°C, and the incorporation of sulfur or sulfurated
compound (other than sulfurated hydrogen) is done into the pores of the catalyst.
It is possible to operate in the presence of water vapor and/or in the
presence of an inert gas. It is preferable to operate in the presence of an inert .
15 gas.
The second stage can optionally also be carried out in the zone where the
first stage is carried out. Generally, however, the second stage is carried out in
a zone that is separate from that in which the first stage is carried out.
During the second stage that is carried out in the temperature ranges already
20 indicated, for example, between 80 and 450°C and more particularly between 110
and 400°C, the catalytic compound into which the sulfur is therefore incorporated

is brought into contact with hydrogen in the optional presence of water vapor.

In this stage occurs the formation of sulfurated hydrogen, then the reaction



process according to the invention in a single stage, but it can also be

- i.nt roduced in the form of elenmentary sulfur or any other sulfur
conpound. In the i npl ementation of the invention, the presence of
pure or dilute hydrogen is necessary to help the sulfurated

hydr ogen penetrate the nmass of the catallfst or, 20 when not fresh

sul furated hydrogen, but elementary sulfur or a sulfurated . conpound
is used to theiwesmibgmetal exddas of theeajalysicand; the nescertwliuraterehydipgens dis ur  or
the sul furated conpound into sul furated hydrogen. The sul furated conpounds

t hat foemed lhe-sits edurige whidh uttion tieadifap ispbonddd to iz catalystdeconpose
under hydrogen into sul firated hydrogen, such as, for exanple,

el ementary sul f ugyhdipffeafdRitgse process is used, the first stage makes it possible to
14 sul fides, disulfides, or oxygen conpounds of the sulfur, as well

Fact Chat i tioperppmePias b 87 sukdf B PETa0es, AP MRICHECUATY o e

bed and that, in contrast, the sulfuration occurs at | ocati on
that is iffeERPORISOIA thesstpichipmessic amopng, gk the s%ﬁsiesoaftj deqwests tae are 5
hydr ocar bon hydroconversion reactor (off-site or ex-situ). The

i nvent i on medepositédph ementréate fofthe nsmbyst; eviieh arewri@en am thedfolipwing @ay:
preferably between 110 and 400[err]C and in at |east one stage and,
for exanple, in a MoSS W), eNS$.2q®,S,/he invention is inplenmented in one
stage particularly when the ° “sul'furated conpound is sulfurated

AR - S e e
reaction between hydrogen sulfide and the oxides is written in the following way:
10 MoO, + 2HS + H, - MoS, + 3H,0
WO, + 2HS + H, - WS, + 3H,0
3NiIO + 2H,S + H, - Ni,S, + 3H,0
9Co0O + 8H,S + H, - CoSg + O9H,0
The method according to the invention is characterized by the fact that the
15 hydrogen/sulfurated hydrogen mixwre, which optionally contains an inert gas,
reacts directly with the oxides of the metals of the catalyst and that this mixture
is either introduced directly into the reaction system or preferably is formed in
situ by reaction between hydrogen and any suitable compound that contains sulfur.
The formation of sulfurated hydrogen by reaction between hydrogen and
20 this sulfurated compound is written differently depending on the type of
compound, as illustrated below as examples:
-- elementary sulfur: S +H, - H,S

-- dimethyl disulfide: CH,-S-S-CH, + 3H, - 2CH, + 2H,S

-- dioctyl polysulfide: =~ CgH,;-Ss-CgHy; + 6H, — 2CgH;3 + SH,S



of water vapor, is achieved primarily if the operation is carried out at a

‘rel atively | ow tenperature. The process can be executed in the
presence of water. The presence of water vapor can enhance the
quality of the sulfuration primarily when the operation is carried

out at a |low tenperature of between 80 ddd 250C, and 15 preferably
bet ween 100 and Zoté;{arr C. The_invention can_al so be

i mpl ement ed i i GetRylsylfoxide: | nEHaSGEH ut filkat et 2CH: + HyliroFe®, a
sul ftrated conpound which is going to deconpose inmediately into

sul furated hydr odénthesendnof thdaneestige ar twocstage reactionrtitet eatalystsisypuriged
hydr ogen. This sul furated conpound is selected fromthe group of

ner capt ans, Gnderiif@s gas &devadifelthd BRfrog@Pht fe%tflhqﬁ& ardN&peihiy geskraPounds

of sul fur. For exanpl e, butyl
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cited. tion can al so elrrplerrented in two stages.
During the fior&yacuate essemlé'[f)éaﬁ of the residual hydrogen 398 swdurated hidragam| y ni xed
with the elenentary sul fur or 5 t he sul fur conpound (other than the
sul furated hydr o§¥e)ofathe aspectshef thbseversionfis that the sulfuraticrgefithel datdlgstiossi bl e
to operate with the possible presence of a solvent, such as those

descri bed abeatied Duc OoffaRt| "oNe. Wat B 16L56H ithit i9 @épé%ﬁtetﬁ’@nttﬁé maﬂaﬁ%ﬂf&fre the
prior art, particularly white splrlt s optional

bl 0
Poss! b e 3t bl GualfOR LA B AR Bk S 39?*3@8%&%@8%% B °
320[err]C

petroleum batches. This particular feature provides many advantages, particularly

10 because the catalyst that is charged into the unit already contains the necessary
amount of sulfur, but also that it is already activated, furthermore and is thus
already ready to be used as an active catalyst. This particular feature saves time
that is valuable to the user of the refinery catalytic unit because it considerably
simplifies the start-up procedure.

15 Another aspect of the invention is that, unlike the techniques of the prior
art, this sulfuration preferably occurs on a catalyst which is in motion in the
sulfur incorporation zone. The activation reactions thus occur while the catalyst
is in motion.

It is possible to use, for example, a sinking type of bed, where the solid

20 slowly descends by gravity along a tube or a ring, a fluidized bed where the solid

is lifted by a gas stream with a high flow rate, a fluidized bed or a bed where the

catalyst circulates either in a belt furnace or in a rotary kiln. The bed can

optionally be expanded or bubbling.



preferably between 80 and 250[err]C, and the incorporation of sulfur or
sul fiurat ed conpound (other than sul furated hydrogen) is done into
t he pores of the catalyst. It is possible to operate in the
presence of water vapor and/or in the presence of an inert gas. It
Is preferable to operate in the presencg of an inert 15 gas.

The second stage can optionally also be carried out in the zone where the

first stage is ogihbfdudbihe i RREHAl hbre POURKES scitifficTRESHES, HisgRbiRyCar | ed

out in a zone't IS separate that 1n which the first”stage

Is carried t, . ring t.he second.stag hat,is carried out
in the tenpgtla?’ﬁrgaﬁa&'ﬁbegurgfgr etgéyforg@non Pﬁ?cﬂ:cgf eﬁl,e gg\[fu%xgﬁfﬁ P ween 80
and 450[err] C and nore particularly between 110 and 400[err]C, the
catal ytic cBamegersoustwayrsnt @nd teusshigh @ualiy. t her ef ore i ncor por at ed

I's brought into contact with hydrogen in the optional presence of water
vapor . I'Thet poendtlagmobian uastutle, bbHrhatfixed bddssisl ther axiswndey dfogen,
then the reaction 16

bet weenst he prggébd PatEewiién hie ey I ReMinghRomRaSaRpE Bl lchidlat Gl

hydr ogen, i. formed in-situ, during which reaction the sulfur is

e.,
bonded to t c . Wen t WO- e ocess 1 s used,
the first sp g‘éee%%r%rpe%bﬁedptgsgﬁag?oélafeo amount; Othﬁﬂé‘gr f?i%tg't%ewg#’eaﬂgi?ﬁ?a%f
sul fur that is_at |least equal to half the sulfur that . 5 corresponds to
t he stoichi 6§9§ih|‘q’rﬁe%u‘h@‘ﬁ€$f Pofenual problem off the Hixedehesls ds ajse; thy relative
deposited on the surface of the catalyst, which are witten in the
f ol | owi ng wdifficulty of removing the calories thhb&@kdorthed Y[tkr exqthédingad snlf@fation] |
Co[err] S[err]

reactions. The continuous stirring of the catalyst is advantageous in these two

10 examples. Thus, preferably, the operation is carried out with a catalytic bed that
is in motion, in that the process is carried out in a single stage or in two stages.
When the process is carried out in two stages and then preferably in two separate
zones, it is preferable to operate with a catalyst that is in motion either in the first
stage or in the second stage, or preferably in motion in each of the two beds of

15 these two stages.

A typical embodiment of the process according to the invention comprises
transporting the catalyst particles into a heated furnace, preferably a heated
rotary furnace, where the temperature of the particles is raised to above 120° C,
for example between 120° and 200° C. Next, the particles are contacted, for
2¢ example by spraying, with molfen elemental sulphur having a temperature in the
range of 120° to 160° C. In the second step, which is carried out in the same or

a different (rotary) furnace, the molten sulphur impregnated particles are



To summarize, whether the operation is carried out in 1 or 2 stages, the
reactdi on between hydrogen sulfide and the oxides is witten in the

foll owing way: 10 MJerr] + 2H err]S + H err]

MoS[ err] + 3H err] O V\Qerr] + 2H err]S + H err]
W52 + 3H err] O 3Ni O 49 2H err]S + Herr]

Ni 3S2 + 3H err]O 9Co0O 8Herr]S + H err]

[err] Co[err] S[err] + 9H err] O The net hod

accor di ng to comtadten eyith bpdrioget herr achysirogardcdntaining gas tatt sidempheatures of

hydr ogen/ sul furated hydrogen nmixture, which optionally contains an inert
gas, abost t89° do r450° ICy metelnablhewk itol 490D C, tamd mroten prefefablyh@5@atal yst
and that this m xture is either introduced directly into the
reaction syst400°@. Ipmdif be alviousstof thengidllednperson that séttveebthe dinsit aroh theet ween
hydrogen and any suitabl e conpound that contains sulfur. The

formati on of swebhdistdpsdhdyehperaturd\of tirncitalyst pativies préfgcibhoismanolver2d.
this sulfurated conmpound is witten differently depending on the type of

conpoung, as Sdﬂs&atxéﬁﬁl%dthbﬂi_y@% 28RSO She particles are transpbABE HudloY tisa!l T ur :
S+ Herr] H2S e pa deITEt hyl di suls?i de:

CH err]-S S Gutricelant ctdiey.r] [err] 2CH err] + 2Herr]S --
di octyl pol ysulfide: Cerr]JHerr]-Serr]-Cerr]Herr] + 6H err] [err]

ZC[e”]H|[e”'ifhe+ex5&lTE B§ b8low illustrate th t
-- |rret‘ﬁy SSWloisfc?etemg-rlfgrnr] SOCH[err] + 3H err

fﬁ'.?[ Stage roa e COSH gt i prospifgensed it s EpRALE/Ha dinRize 158°
evacuat e the hydr ogen at | east in part and especially generally
operation is carried out in a single stage. A commercial catalyst such as CoMo
10 on alumina (HR 306 of the PROCATALYSE Company) is treated with an
H,S/H,0/H, mixture that contains 15% H,S, 15% H,0 and 70% H, by volume.
Water is injected into the gas circuit with a liquid pump. The reactor is a
continuous rotary system for which the dwell time at the indicated temperature is
about 80 minutes. In this example, the temperature is 110°C. Cooling is carried-
15 out under hydrogen, then under nitrogen. Catalyst A is thus obtained. The sulfur
content is analyzed on catalyst A just as is, as well as on the solid that was
previously washed in hot toluene in a Soxhlet apparatus. The degree of
sulfuration is estimated from the level of quédﬁi;aiéﬁt molybdenum compared to
hexavalent molybdenum by the X photoelectron spectroscopy technique.
20 Molybdenum 4” cdrresponds to sulfur types that are related to MoS,, whereas

molybdenum 6* corresponds to oxide types that preexist on fresh catalyst. The

results are presented in Table 1.

Example 2: Catalyst B is obtained in a manner that is identical to that of

25 Example 1, if the temperature is 300°C instead of 110°C.



of the sulfurated hydrogen at least in part inits pores. Generally, it is
‘suitable* 5 to evacuate essentially all of the residual hydrogen and
sul furat ed hydrogen. T One of the aspects of the invention is
that the sulfuration of the catalyst is _ carried out "off-site,”
i.e., at a location that is separate f 6t t he | ocati on where t he
catalyst is used for its function of conversion or of hydroconversion of
pet rol eum baExample his particul ar feature provi des many advant ages,

particularly 10 because the catalyst that is charged into the unit
al ready cont ai ns Cabgyst € RUbbdied as above iRERAApledf atduDP O butrtie gad mixtubat it
Is already activated, furthernore and is thus al ready ready to be

used as an at?%és;’ﬁotC@étﬁé%S?‘z?T%ﬁdfﬁg HE@H&&F b?eﬁ'f et gﬁé’ Qftedth™® The gas (hat

i s val uabl e e user of “the retinery catafytic unit because it

consi der abl y .. Sipplifies t rt - UPsPr re. 15
Anot her aspe‘iﬂmlaﬂs“f%lsi‘%é?ﬁq%'ﬁgig%t H;g Eﬁ%l Nkeﬁg'fzt echni ques of the prior

art, this sulfuration preferably occurs on a catalyst which is in notion in

t he 5 sul f lm conclasipny $tone these @iree figstaetts MBhd Vere’ @aGiedOsst e OCCUr
whil e the catal yst IS in notion. IS possible to

't
e ) . d.: i |
use, for exgipidnce df Pubk siGurhdeBehyirodtad it é}?’tﬁgﬁf %Efg??é@gglg i rIZw? #eysm i d

descends by gravity along a tube “or rin
is lifted by sireamw.th.a.high flow rate fluidized bed or_ a bed
where the asmélgg{ éﬁ??@ﬂé‘% I}gﬂ@‘fag‘é sé‘#ﬁF?é’roni Rt afﬁ%éiafahﬁﬁr%éh%r 5§
rotary kil n. Tpe lied CatH .optionally be expanded or bubbling.
18 preferable that the gas contain a certain partial pressure of water vapor. If this
is not the case, the levels of sulfuration that are indicated by the stoichiometric
10 levels or the Mo**/Mo®* ratios may appear inadequate. Even so, the temperature

of 300°C makes it possible to reach much higher sulfuration levels (as Example
8 shows).
Example 4:

Catalyst that is presulfurated with elementary sulfur, then activated under

1S  hydrogen at 300°C. (Two-stage process).

A commercial catalyst such as CoMo/alumina is mixed mechanically at
regular temperature with elementary sulfur that has an average grain size of less
than 5 microns. 100 g of catalyst is mixed with 21.6 g of sulfur that is put into
suspension in 45 ml of white spirit (with initial and final boiling points of 140 and

2c¢  180°C). This amount of sulfur corresponds to a stoichiometry of 200% relative
| to MoS,/CogSs. The catalyst (second stage) is then admitted into the same rotary
system as in the preceding examples, under an atmosphere of pure hydrogen.

.The dwell time at the temperature of 300°C is 80 minutes. The analysis of the

corresponding catalyst is presented in Table 1 (catalyst D). The sulfuration level



W t hout judging in advance nore devel oped scientific theories, this

-mobi fity ¢ of the catalyst during the formati on phase of the sul fur
types ensures honbgeneous treatnment and thus high quality.

The potential problem actually, of the fixed beds is the existence of 5
preferred paths, which has the effect of ct ating zones where the catal yst
w | | have been exposed to i nadequate anpbunts of sulfur relative to

the necessar yf the catalyt Qicofte@Tahd Yne AfirN¢noPGérgrExtratiableah! t6iied, whiehf i xed
beds is also the relative ifficulty of removing the cal ories that

d
are formed b f ' . [ ljpuous
stirring of %ﬂﬁ(}a‘pga aﬁ{l/é;?& 1:?{2;] %g@%#é%@ggﬁ;bﬁshcapﬁeasé&% s?lg%r amg*gg%%l%elg
Thus, preferagbly,. the operation is carried out with a catalytjc d that
is in noti on,%ePQ\%‘chaheﬁﬁx‘ﬁW@B@eVémBéﬁ Ppéﬂﬂﬁﬁﬁtasi%teét 9 ?Fﬁl'été? é‘g I8 in
two stages. When t he process is carried out in tw stages and then
pref erably i ACHAY agaches: donded) to the gadyst tHers, sXEREOMisDrEorasd, with wi t h
a catalyst that is in notion either in the first stage or in the

second St agetoloengpreferably in notion in each of the two beds of 15
t hese two stages. A typi cal enbodi nent of the process according to

the i nventiop conprises transporting the catalyst particles into a
heat ed furnai}é,ﬂﬁﬂlééérabl y a heated rotary furnace, where the

tenperature of the particles is raised to above 120[err]C, for

exanpl e between IEXampld S260¢xried oGt liNexhe ptdtedid@r éxatips erdept GRAHREIRAY, for
20 exanpl e by spraying, with nolfen el enental sul phur having a

e o leonteof 1900 Bk i 081G o a5
furnace, the,gg SFﬁles\ULthh %luimrépxrser cnrggtgg bgaar fici;\ﬁliev?at&r i%jection pump. This is
10 thus catalyst E. Analyses show that it is not very different from catalyst D.
Example 6: (Comparative, since there is no hydrogen in the second stage)
Example 6 is carried out like No. 4 by replacing the hydrogen/nitrogen
stream with a nitrogen/water stream of 80/20% volume according to Table 1.

The sulfuration level on crude catalyst is reduced and especially on lixiviated

15 catalyst, showing that sulfur is not bonded to the catalyst.

Example 7: Catalyst that is presulfurated with an organic polysulfide (first
stage), then activated under hydrogen (second stage).

The same catalyst CoMo on alumina as in the preceding examples is

impregnated with a solution of a di-tert-nonyl polysulfide mixture that is dissolved

20  in a white spirit. 31 g of di-tert-nonyl polysulfide (TPS 37 of ATOCHEM with

a sulfur content of 37% by weight) mixed with 18 ml of white spirit that is used

in the preceding examples is added to 100 g of catalyst. The catalyst is stirred

for 10 minutes at regular temperature to obtain a homogenous suspension. It is

then subjected to heat treatment under nitrogen at 120°C to eliminate the bulk of



19 . contacted with hydrogen or a hydrogen-containing gas at a

- t-enperat ure of about 80[err] to 450[err]C, preferably 110[err] to
400[err] C, and nore preferably 250[err] to 400[err] C It will be
obvious to the skilled person that between the first and the

second step, the tenperature of the catalyst particles preferably is not

| onered. 5 Subsequent to the hydrog%%ation step, the particles are
transported qut of fhe f urnace an ool ed. . The exanpl es
bel ow i | | ust F3% ST82AIE $91VeNE Then. the catalyst E&S‘ﬁﬁf"& 3 rotacy kilp undera, stream
presul furated with an H2S/ H20/ H2 m xture. The operation is carried
out in a si ngfaydrogge (secondbsiage)ci Eie dwelbtimetat thecemperagyrief 300°C is about

al um na (HR 306 of the PROCATALYSE Conpany) is treated with an

H err] S/ H er 8D@hiduesst ThesulfiradidinleveRrdfahe solid bbiairedrtdialydod) before agdand
70% H2 by vol une. Water is injected into the gas circuit with a

liquid punp. aft@?wta&.?ﬁﬁé Wi[éli ®lne are high, sHoWihé FHAPHR §u?ﬁ1i?§sy\g€% 3&@@ 4 tpehi ch

the dwell tinme a e indicated tenperature Is t 80 m nut es.

out  undets hy BF5Eh Aok BIFRGREr 4 dsP don 18 capepy . Bomdned EBOET 43" The

sul fur content is analyzed on catalyst A just as is, as well as on
the solid th& 7wis$eems that the presassgan peimpirseentsd Hb 2r¥ageeversion, avitban| et
apparatus. The degree of sulfuration is estimated fromthe | evel
of quadri val stage nfory bterporattmgsalferitddo compound inhexeatalystnfollowedbdgnam by

t he X photoel ectron spectroscopy techni que. 20 Mol ybdenum 4[ err ]
corresponds fetivatiohWtageyPes that are related to MbS[err], whereas

nol ybdenum 6[ err] corresponds to oxide types that preexist on fresh

catal yst. The

10 Example 8:

This example is as specified by the invention and identical to Example 2,
except that the operation is carried out in the absence of water vapor; the
treatment atmosphere is a mixture of H,/H,S at 15% H,S and 85% H,, also in a
rotary kiln at 300°C. The amount of hydrogen sulfide that is used corresponds.

15 to 1.5 times the amount that is theoretically necessary to produce MoS,/Co4S;.
After cooling under hydrogen and purging under nitrogen, catalyst H is obtained
(which proves to be better presulfurated than in comparable Example No. 3,

where the temperature used was only 110°C).

20 Example 9:

In this case, pure hydrogen is used. The gaseous hydrogen sulfide is
replaced with an injection of dimethyl disulfide in the hydrogen circuit. The
amount of sulfur injected in the form of DMDS corresponds to 1.5 times the

MoS,/Co,Sy stoichiometric amount. The dwell time at 300°C is 80 minutes, as



“results are presented in Table 1. " " Exanple 2. Catalyst Bis

. obtained+in a manner that is identical to that of 25 Exanple 1, if the
tenperature is 300[err]C instead of 110[err]C.
2.0 Exanpl e 3: Catalyst Cis obtained as above in
Example 1 at 110[err]C, but the gas m xture does not contain HO
which is replaced by an inert gas strea@® The gas conposition is

the follow n 5 Herr]S, 15% N2, 70% H. n cancl usj on,

fromthese t Preceding cexampie ot Al goQligr P@gﬂo@fdr%m HBA purging undegsence
of pure sul furated hydrogen, it appears that the tenperature of 110[err]C
i s suffici ennittogennédtalystel &6 optained.ant sul furati on of the catal yst and that

it is preferable that the gas contain a certain partial pressure of
wat er vapor. If this is not the case, the levels of sulfuration
that are indicated by the stoichionmetric 10 | evel s or the

Mo[err]/ Mo[ e - !l S may appear inadequate. Even so, the tenperature

of 300[err] ' " possible to reach much higher sulfuration |levels (as
Exanpl e shqws) . e 4; t al hat is
presul futated wi tawe&?&‘éﬁn?%li}s‘%@sf‘g?ﬁf ‘[‘? WSI‘Y"@E‘E‘FG&E%OMBF*“%J?S(&% rogen
at 300[err]C éTwo-stage process). A commerci al catal yst such
as CoMv/ al unphBracatalysgbdrerehdrged bykurgs into a catalytic test unit. The three catalysts

will be tested in hydrodesulfuration of atmospheric gas oil under the following

conditions: pressure: 60 b; temperature: 340°C; hourly volume velocity: 2 h';

with a batch of the following properties: sulfur content: 1.23% pds; initial point
10 225, final point: 392°C.

The start-up procedure differs for the three catalysts, with the first two
already being presulfurated and activated and the third also being oxide. The last
will actually be subjected to the following procedure to transform it into catalyst
I The rise in temperature is carried out under hydrogen at 5°C/minute up to-

15 220°C, where a plateau of one hour is observed.

The dimethyl disulfide injection circuit is actuated to add, at the beginning
of the plateau, an amount of 1.6 g of S per hour via a DMDS solution that is
diluted to 10% in naphtha. After 1 hour at the plateau, the injection rate is
reduced to 1.2 g of S per hour, and the rate of temperature rise is restarted at

20 1°C/minute to up to 300°C where a plateau of 80 minutes is observed. The
injection of DMDS is then halted. This is then the end of the activation
procedure for catalyst J, with the amount of DMDS corresponding to 1.5 times

the stoichiometric amount of sulfur.



“regul ar tenperature with elementary sul fur’ that has an average grain size
« of kess - than 5 mcrons. 100 g of catalyst is mxed with 21.6 g of
sulfur that is put into suspension in 45 mM of white spirit (with
initial and final boiling points of 140 and 20 180[err]C). This anount
of sulfur corresponds to a stoichionetry of 200% rel ative to
MoS[err]/Co[err]S[err]. The catalyst (sé#ond stage) is then adnitted into
the sane rotary systemas in the preceding exanpl es, under an

at nospher e of puf’%‘eh@f’mp@gaéh'fe is then lowgred &N%WP G ate &'tmqsﬁéeft“‘elgﬁ%r%lt e of
300[err]Cis 80 mnutes. The analysis of the correspondi ng cat al yst
i s present edinjectélh laing the Eopestystrise) at 797G nEoite mpaoi340°Cevidie performance

of the catalyst is correct, and the sulfur is not very extractable in

tol uene, whi Gﬂ"hydrodesulfura‘ifbﬂvﬁ nidAdired Afted !'ﬁ thietrst dPdtabifiztiopsent is basically
a bonded sul fur and not sinply - ep05|ted The |ixiviation

d f [ 1
2??22%23”&%23% el B, e asés"ﬁé%ﬁtah’es%uacﬁ 11 the ‘ploceture. dges | ﬁﬁéfak Y
{ ﬁeungc‘*ed. n@%w@ﬁg&p@pm%a risg, in {gperature a%t’eémv@iqﬁ@@réq%g&ﬁﬁ a

hydrogen/water mi xture with 80% vol une of hydrogen. The 20% of t he
wat er vol uneinjestioa®fzas @il 4208°Cianditbe vist et 2 T¢jmioutecrp touddd °Crhwhere the 10
thus catalyst E. Analyses show that it is not very different from catalyst

D. BEOSRhel 8 médsaraaadfeet i12chousd. NThe réLRIE ars presedtyd i® d@eNlabtlind1e
second stage)
of Table 1, showing a very clear advantage for the two products that are
presulfurated outside of the test unit and in a fluidized bed, compared to the

10 presulfurated catalyst in a fixed bed.

TABLE 1:
||Examp1e 1| 2 3] 4] 5] 6] 7] 8 9 [ 10 |
15 fCamlyst AlBjc|Dp|E]F|]G|H]| I ;3
Initial sulfurizing |H,S|H,S |H,S| ES | ES | ES | PS | H,S [DMDS|DMDS ||
agent*
'Number of stages 1 1 1 2 2 2 |.2 1 1 "
‘1 Fluidized bed (m), | m m m m m m m m m f
20 fixed bed (f)
H,0 + + -1 -1 +1 - - - - - "
H, + 1+ 1+ + + - + + + +
Temperature (°C) | 110 (300 110|300 300 300 {300 {300 |300 300 i
Stoichiometry on 76 1| 97 | 68| 84 88 65 88 99 92 /
25 crude (%)
Stoichiometry on 62| 92 {55 82 81 27 84 92 90 /
lixiviated (%)
Mo** 70 | >80| 60 | >80 | >80 | <20 | >80 | >80 | >80 7
—————— e e s e x
30 Mo** +Mo**
Desulfuration level 94.1 1934 1920
%
L _
‘H,S : hydrogen sulfide
35 ‘ES : elementary sulfur
PS  : polysulfide such as TNPS

‘DMDS: dimethyl disulfide

The + and - indicate the presence or absence of gaseous compound.



“Exanpl'é 6 i's carried out |ike No. 4 by replacing the hydrogen/nitrogen
.Streamw th a nitrogen/water stream of 80/20% vol ume according to Table 1.
The sulfuration |l evel on crude catalyst is reduced and especi.ally-on.

lixiviated 15 catal yst, showi ng that sulfur is not bo
catal yst. Exanple 7: Catal yst 2t5hat is presulfur Eﬁ mj “l

organi ¢ polysul fide (first stagé), then activated.
(second stage). The sage, | yst CoMb on alumna as in the
precedi ng exanples is i npregnated with a solution of a

di -tert-nonyl polys xtu re that is dissolved 2 I n ite spirit.
31 g of di-tert- On#mﬁ Wi r}caépctraﬁgg §‘?lf‘6rf e ERP t(ﬁt1 fE‘lya,l\!{‘;c"lrgoguIfur
content of 37% by wei ght mxed with 18 m of white spirit that is used

in the prec emwgrse%ﬁmab@t that segainstal lewo oge cmetéla@%gwps Vilner Vi afytbe i s
stirred for 10 mnutes at regular tenperature to obtain a
honogenous spaniadis itairle, withisaid process beingenarked patcoff ditt and & thet presereenf under
nitrogen at 120[err]C to elimnate the bul k of

22 5 Uhedrepemahé is ﬁlevﬁ’t@kencyb?@ulfhpﬁr 8 bl ﬁhd kifat £BAaRRIMIMr . Ot ary
kil n under a stream of hydrogen (secon stage). The dwel | time at

| vel o bof the sortd RS keatiafaPhlm igpapiscafled Bl b 1ot Sf HalUf | 7T

wi th toluene are hlr% showi ng, that the sulfur is well fixed, and the 5
reduced nol yHERTEHRIFS °£tsu§f%‘ Bydrogen.concl usi on, fromthese Exanples 4, 5,
6, 7 it seens that the process can be inplenmented in a 2-stage version,
with a sBag®réeess acaovdingrtatdlaig $ udrf2) that ésl camied oot between 8Giaad y st
foll owed by an
450°C, preferably between 110 and 400°C.
10 4. Process according to claim 3 that is carried out in gas phase in the
presence of water vapor.
5. Process according to one of claims 1 to 3 that is carried out in the
absence of water vapor at a temperature of greater than 250°C.
6. Process according to one of claims 1 to 5, in which the catalyst’s bed
15 in the zone for incorporating sulfur is a bed in which the catalyst is in motion.
7. Process according to claim 6, in which the catalytic bed is selected from
the group that consists of fluid beds, circulating beds, fluidized beds, expanded
beds, ebullated beds or beds such as belt beds or rotary beds.
8. Process according to one of claims 1 to 3 and 7, in which a sulfurated
20 compound that is able to decompose, in the presence of hydrogen, into sulfurated
hydrogen is used.
9. Process according to claim 8, in which said sulfurated compound is

selected from the group that consists of elementary sulfur, mercaptans, sulfides,

__disulfides, polysulfides and oxidized sulfur compounds.
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activation stage. 10  Exanpl e 8: Thi s _exanple-is-as-
. specikfied by the invention and identical to Exanple 2 t hat
the operation is carried out in the absence of vvaterumgmmgHEEjﬂm
treatment atnosphere is a mxture of Herr]/Herr]S o % H2,
also in a rotary kiln at 300[ergd C. The anmount of hydrogen sul fide
that is used corresponds 15 to 1.5 tinmes the anpbunt that is

theoretical |y nedrsPasoess acqdr@ipas ol o i Mbdhesaid Shfurated compound #f t er
cool i ng under hydrogen and purging under nitrogen, catalyst His obtained

whi ch prov { | No. 3,
Wher et he. t Soiccied fond Shiofe ol aishodital Bintehfiylfod: SREAGPRIEAR B,

In this case ure hydrogen.Ls used. The gaseous, hydrogen sulfide is

repl aced wi Pﬁ‘ygﬂn&rﬂoéX{ P‘gﬁs‘ﬂhg‘iﬁ ﬂé‘??wypﬂ’rlglﬂ“fq e ?‘ﬁpoclﬁ& hydr ogen circuit.
The amount of sulfur injected in the formof DMVDS corresponds to
1.5 times the 11. Proqusspesordingtd ene pSekims 1stool (s ieharesterized amthatdt isThe
dwel | time at 300[err]Cis 80 mnutes, as

23 5  icarriede opr efBsite1gn awonftages, Abitler the Ofitst Ngagencersistingr o edixingd
pur gi ng under nitrogen, catalyst 1 is obtained.

elementary sulfur and/or a sulfur compound, other than sulfurated hydrogen, in

the absence of hydrogen; and with the second stage consisting in bringing into
contact the catalytic compound, in which the sulfur is incorporated during the first
stage, with hydrogen to cause, first, the formation of sulfurated hydrogen, and
10 then the reaction between the metal oxides of the catalyst and the nascent
sulfurated hydrogen.
12. Process according to claim 11, wherein the first stage is carried out in
the presence of water vapor.
13. Process according to one of claims 11 and 12, wherein the first stage
15 is carried out in the presence of inert gas.
14. Process according to one of claims 11 to 13, wherein during the first
stage, the operation is carried out in the presence of a solvent.
15. Process according to one of claims 11 to 14, wherein the operation is
carried out, during the first stage, at between 10 and 320°C, preferably between
20 80 and 250°C.
16. Process according to one of claims 11 to 15, wherein the catalytic bed
of the first stage is in motion.
17. Process according to claim 11, wherein the second stage is carried out

in the zone in which the first stage took place.
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Exarrple 16:" 5" " "Thé H type catal’ysts, as well as thé ref er eRge™"

.CoMo>fir esh cat al yst (HR306 of Procatal yse) re ch'aiié'd“'by"'t"Urns

into a catalytic test unit. The three catalysts Ulﬁwmm\"l
* L

_ : Hﬁ””mt edin
hydr odesul furati on of atnospheric gas oil under th A
conditions: pressure: 60 b; tenperatureypy340[err]C, hourly vol dme*vel oci ty:
2h[err]; with a batch of the follow ng properties: sulfur content:

1.23% pds; initial, MHobéss aéébrding4é 2lai Nalwhedifthe R3h&stap&is carried out
The start-up procedure differs Tor the three catalysts, wth the first two

al ready bein K chivat ed. | I bei ng oxi de.
The | ast t PES‘\?\#H#&%%C%%;’@%I@’ @aﬁ&@ﬂg@qﬂgmﬁe%{ &8\%‘?}1%%;'” ocedure to
transformit intq.catalyst ) J: The, ri in,tepperature is carried
out under hydr ogdd- dtTostSasasting da cne ah s 12 or 18, 5BbRIn e seqprur siage
pl ateau of one hour is observed. The di nmet hyl disul fide
i nj ection citemperatuee ischetwicend8Q anchds0° Gt prefesatily dietweengl 10 and 400°€3. t he
pl at eau, an ampunt of 1.6 g of S per hour via a DVDS solution that is

diluted 50 10% i aonamﬂmtb@.aceé:ﬁm§ tb digigi 19! whérein)! duridglthe sbeondnite! ithe) rate
S reduced to 1.2 g of per hour, and the rate of tenperature rise

IS rest artedgﬁég%tigrpis ‘(:f“]’%‘%’u Hms'b‘l‘ésfégjéegg{@afei’géﬁ err] C where a pl ateau of

80 minutes i serve I on VDS is then halted. This
e activatij on st.J, with

5,1 1en e end o e 80k Vak Lo oo o0 B005 Pk L htaly et
amount - of Sucl:;tzlijl;riic bed is in motion.
22. Process according to claims 11 to 21, wherein during the first stage,
10 an amount of sulfur that is at least equal to half the sulfur that corresponds to the
stoichiometric amount of the sulfides of the metais deposited on the surface of the
catalyst is incorporated.
23. Process according to one of claims 1 to 22, wherein at the end of the
process, the catalyst is purged, under inert gas, to evacuate at least part of the
15 residual sulfurated hydrogen.
24. Process according to claim 23, wherein essentially all of the hydrogen
and sulfurated hydrogen is evacuated.
25. Process according to claim 14, wherein the solvent is preferably a
white spirit to which is added an olefinic oil or a vegetable oil.
20 26. Process according to claim 14, wherein the solvent is an olefinic
compound.

27. Process according to one of claims 1 to 10, wherein it is carried out

off-site in one stage in the presence of hydrogen and a sulfurated compound.
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24 The tenperature is then lowered to 200[err]C, the

at nospheric gas oil is injected, and the tenperature rises at
2[err]C/ minute up to 340[err]C. The perfornmance of

hydr odesul furation is neasured after 12 hours of stabilization.

Wth regard to the cases of catalysts Hgand |, the procedure does not 5
conprise sulfuration, sinply a rise in tenperature at 5[err]C mnute up to
Zoo[e”]RBStT}ﬂ&CT injection of gas oil at 200[err]C and the rise at
2[err]C/mrnute up to 340[err] C, where the HDS | evel is neasured
after 12 hours. The results are presented in the last line of Table
1, showing a very clear advantage for the roducts that are

presul furated BRQGESS,FOR, INC PQR'AT'Hﬁd SU”?%-'RI NP JHE RE&)npar ed to

the 10 presul f ur@Fdl HEPROCARBON, TREATMENT CATALYST TABLE 1
Exanpl e 1 2 3 4 5 6 7 8 9 10 15
Cat al yst A B C D E F G H I J
Initial sulfurizing Herr]S Herr]S Herr]S ES ES ES PS H2S
2DI\/DS 2DI\/DS , The nﬁ@ﬁﬂén relates to Huﬁhﬂles ‘:j ér‘is?&i?@d 7 of éne élr twd staﬁes fo?

ul di ze ed
m m incerporating sulfur into the pareg®f a hydmcashprbgqn\(er;;lon catalyst H er r] o
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VI or VIIl of the peri®odi‘c table,"with said process beimngf cgry ized
off-site and in the presence of hydrogen and in the presepce “of “suf’ ur or{ a
conpound that contains sulfur, and in gas phase in the jpr
vapor . 2. Process according to clakln 1 that is carfied out in at le
one stage IGLARMSpresence of sul furated hydrogen. 3.
toclaiml or 2 that is carried out between 80 and 450[err]C, preferably
betmeen 110 and 400[err]C. ) Process according to one of clains 1 to
3, in which the y n Ofhal p [ is a
bed in mhlhh thgﬁgggglyéiqn ?ﬁb %Pﬁ%ﬁe ﬁ%& the E?%%eggq%c %ﬁﬁgﬂ{o claim
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or beds sudirigdicniapble, H@&és%ﬁi Pregess pemgqrarried gut off-siie Andsin the PESENGSy to one

of cl ains t h r in two
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a sul fur CQlimQﬂlgds pﬁideanthdnpmsmbfdﬂrvmtadva]pysﬂr ogen, in the absence of
hydrogen; and with the second stage consisting in bringing into contact the

catal ytic conpound, in which the sulfur is incorporated during the first

stage, wi th hydrggen ' Qo6aHict bhik 't whl'S LRHERuh 8 13 Sad @iy dr ogen,
the presence of sulfurated hydrogen.
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3. Process according to claim 1 or 2 that is carried out between 80 and
450°C, preferably between 110 and 400°C.

4. Process according to one of claims 1 to 3, in which the catalyst’s bed in

the zone for incorporating sulfur is a bed in which the catalyst is in motion.

5. Process according to claim 4, in which the catalytic bed is selected
from the group that consists of fluid beds, circulating beds, fluidized beds,
expanded beds, ebullated beds or beds such as belt beds or rotary beds.

6. Process according to one of claims 1 to 5, characterized in that it is
carried out off-site in two stages, with the first stage consisting in mixing
elementary sulfur and/or a sulfur compound, other than sulfurated hydrogen, in
the absence of hydrogen; and with the second stage consisting in bringing into
contact the catalytic compound, in which the sulfur is incorporated during the
first stage, with hydrogen to cause, first, the formation of sulfurated hydrogen,

and then the reaction between the metal oxides of the catalyst and the nascent

Cl%) P '_q Py
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and then the reaction between the netal oxides of the cat
‘nascent
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26 sulfura wherein the first stage is ¢
presence o ﬂmmuﬂ dﬁlﬂl”ﬂm? Process according.to cl
operation i$ cérr?e during the first stage, at between 80 and

250[ err] C ) Process according to, one of clalns 6 or 7, wherein the
catal ytic bed of the first stage is in tion. Process according to
claim6, wh@ltdtdled RRIOE&SD raeld Wiesdn e HAE Etagél xsowmedloﬁm tBOPreskiitevdti ch t he
first stage took place. . Process according to claim®6, wherein the
second st agratesvaparr i ed out |n a zone that is separate fromthat in which
the first stage took place. 11. Process according to one of clainms 9 or
10, wherein the second stage tenperature is between 80 and 450[err]C,
preferably pet wegRcdstOa@brlifd U &lih{>6, whetein t" 85&EG0RGE Caftid o, Cl ai m
11, wherein during the second stage, the operatlon is carried out in the
presence ofduningahe fasiatage, atlietween8awk258Ccor ding to one of clains 6 to
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6, wherein the

12, wherein the second stage catalytic bed is in notion. 14. Process
accordi ng to clains 6 to 13, V\/nerein during the first stage, an anount of
sul fur thatgis ait‘rotzé‘ésicc@t‘él f@ﬂélaﬁﬁses 17, Winerbidth& eahBeR WAL O the
stoi chionetric anount of es of the netals deposited on the

surface of thtfirsastageyisin inotibmcor por at ed.

9. Process according to claim 6, wherein the second stage is carried out in

the zone in which the first stage took place.

10.  Process according to claim 6, wherein the second stage is carried out in

a zone that is separate from that in which the first stage took place.

11. Process according to one of claims 9 or 10, wherein the second stage

temperature is between 80 and 450°C, preferably between 110 and 400°C.

12.  Process according to claim 11, wherein during the second stage, the

operation is carried out in the presence of water vapor.

13.  Process according to one of claims 6 to 12, wherein the second stage

catalytic bed is in motion.

14.  Process according to claims 6 to 13, wherein during the first stage, an
amount of sulfur that is at least equal to haif the sulfur that corresponds to the
stoichiometric amount of the sulfides of the metals deposited on the surface of

the catalyst is incorporated.



27 15. Process according to one of clains 1 to 14, wher
‘the process, the catalyst is purged, under inert gas, to
part of the resi-dual -sul-furated-hydrogen. 16, Process

claim 15, vvhermm i Il of the hydrogen and sul
i s evacuat ed. lﬁm("l"‘m mgcCordi ng to one of clains
is carried out "off*- &ite In one stage in the presence of
sul furat ed conpound. >7
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15.  Process according to one of claims 1 to 14, wherein at the end of the

process, the catalyst is purged, under inert gas, to evacuate at least part of the

residual sulfurated hydrogen.

16.  Process according to claim 15, wherein essentially all of the hydrogen

and sulfurated hydrogen is evacuated.

17.  Process according to one of claims 1 to 5, wherein it is carried out off-

site in one stage in the presence of hydrogen and a sulfurated compound.




