WO 97/ 48488 ; , PCT/ EP97/ 031 3t WEFIR0SBES
FOR PRESULPHIEFN&Mﬁ$BROCARBCN CONVERSI ON CATALYSTS. This invention rel ates
to a process for presul phurizing or presul phiding hydrocarbon conversion
catal ysts, presul phurized catalysts and their use in hydrocarbon conversion
. processes. 5 It is well known that it is often desirable to enpl oy
. the step of "presul phiding" or "presul phurizing" of the metals form ng part
- of the, conposition of certain catalysts for refining and/or hydroconverting
hydr ocar bons, either befor @ (HROCESS EQRPRESULRHIFINGOHYDROCARBON fresh
catal ysts, or before they are re-use ] I on. Hydrocarbon

- conversion catal ysts, such as hydrotggggﬁhgﬁbﬁgg?gggggilnQ’and tail- gas
~treating catalysts are typically subjected to such a "presul phiding step".

15 A hydr ot r gat.i GRLAl3 ' [ y tal yst

conposition which nay%%ésggp dedxfgégg%% zgs%ﬁgqﬂr§§%ggn£??on of .
hydf ocar bon f eedsprelsnlphwrirdng R (REeFRIPYLdbng Ry dgerarbopa conyigraion
conponents of the fged aack pramilgitusidedUéataly$€£808Ad 8RS IFRILMeS 120
cont ai ni ng or gano-conmpounds and unsaturates. A hydrocracki ng catal yst may

be defined as anyh¥ysra oI TACTETBe enpl oyed to crack |arge
and conpl ex petrol eumigderiisvagklllemwreshat att ais sfreéhedesdrabllec onientploy

t he concomitant additiqn_of hy, . " th s AW A as
o catal yze the cemeter i e
harnful product's, andputls B |48 81 g | Sn8P0Y ChYaPUEERTeRE 1Y phU Lo
i'cH can be an

hydr ogen sul phi de recqovered 30 d readily cqgnverted to
el ement al sul phur hydxqcaghans SiESheyrre tppeTthey) aroppsed initially,
10 i.e., fresh catalysts, or before they are re-used

following regeneration. Hydrocarbon conversion
catalysts, such as hydrotreating, hydrocracking and tail-
gas treating catalysts are typically subjected to such a
- vpresulphiding step".

15 A hydrotreating catalyst may be defined as any
catalyst composition which may be employed to catalyze
the hydrogenation of hydrocarbon feedstocks, and most
particularly to hydrogenate particular components of the
feed stock, such as sulphur-, nitrogen- and metals-

26 containing organo-compounds and unsaturates. A
hydrocracking catalyst may be defined as any catalyst
composition which may be employed to crack large and
complex petroleum derived molecules to attain smaller
molecules with the concomitant addition of hydrogen to

25 the molecules. A tail gas catalyst may be defined as any
catalyst composition which may be-employed to catalyze
the conversion of hazardous effluent gas streams to less
harmful products,'and most partiéularly to convert oxides
of sulphur to hydrogen sulphide which can be recovered

30 and readily converted to elemental sulphur. A reduced
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cat al yst naﬁwggwa%??ned as any catal yst conposition that contains a netal
in the reduced state such as, for exanple, an ol efin hydrogenation
catalyst. Such nmetals are typically reduced_ with a reducing agent such as,
for 5 exanpl e, hydrogen or formc acid.2 The netals on these reduced
: ?ataLyzts may b%daaﬂyﬁﬁEﬁh@eﬂeOde??néaahbyanyduaedlyfatebmpbs&@&mmﬂﬁﬂaﬁw
or hydrogenation catal ysts e, We o] and .s I rcially
available. 10 °°n%ﬂfﬁ?%a?I?&?%elgcf'ﬁge%ﬂ‘éégdo%g?% 8§F§I %%?mlis?gbased on
~at | east one neteaampleyy cap dlefinVhpdroyBnatidnorakBlystt he SRehi owit@lmbl e
of the El enents. I , d nat | I C | t st
one. ol erent sel AR APEREHEY peiipgd pRORTR' FRluERhE' HokaracH B! £
W Ti HB Ag or exampdmorkygdrogenl oy 6aTBisuppss: stbs metalsnORathess ca,
silica-alum na g Gy 0Bat £8y 3t ¥SthagOBROEHL 1 9ngetiabelly BrOpag#iiiana yand/ or
hydrocracking or tail gas treating are well khown and several are
comercial |y av&@ed#ed- Metal oxi de 20 catal ysts which come within

this definitioni'“HGEEapybaléoﬂPbsbdﬁauslfakChyarbgegatean gatalysts are
ni ckel - nol ybdenumlsjgg‘?orted ugual |

a on alun_na N an Wk ga- al um na,
i ncl udi ng zeol i ¥ PPEpan §8Y¥6?Ee?rFrSﬁ?FF?S&aﬁzyaﬁgéﬁé ©-catal ysts
may be eopl oyed Typicakdy, 26he actpueppbese ofnthencrshalysst disydased on
S Mo W R, AL LEaSy ORECRERAE! E BRobBOTYL, NapthrvEs, 9B oY TEler
di scl osed as suitthe|RerbedifeTabpar B%s&ﬁe, EEMeRESTUM &7 SeMeF@des Lhoese
et al OXide‘“ﬂfﬂﬂﬁiégenatiqn catalysts contain at least one element
| selected from Pt, Pd, Ru, Ir, Rh, Os, Fe, Co, Ni, Cu, Mo,

15 W, Ti Hg, Ag or Au supported usually on a support such as

~

alumina, silica, silica-alumina and carbon.

Catalyst compositions for hydrotreating and/or
hydrocracking or tail gas treating are well known and
several are commercially available. Metal oxide

20 catalysts which come within this definition include
cobalt-molybdenum, nickel-tungsten, and nickel-molybdenum
supported usually on alumina, silica and silica-alumina,
including zeolite, carriers. Also, other transition
metal element catalysts may be employed for these

25 purposes. in general, catalysts containing at least ome
element selected from VvV, Cr, Mn, Re, Co, Ni, Cu, Zn, Mo,
W, Rh, Ru, Os, Ir, Pd, Pt, Ag, Au, Cd, Sn, Sb, Bi and Te
have been disclosed as suitable for these purposes.

For maximum effectiveness these metal oxide catalysts

30 are converted at least in part to metal sulphides. The
metal oxide catalysts can be sulphided in the reactor by
contact at elevated temperatures with hydrogen sulphide
or .a sulphur-containing oil or feed stock ("in-gitu").

However, it is advantageous to the user to be

35 supplied with metal oxide catalysts having sulphur, as an
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30 are copwarssms at least in part to netal sul phides. Th®OPREQVONXi de \

catal ysts tan be sul phided in the reactor by contact at el evated
tenperatures wi th hydrogen sul phide or a sul phur-containing oil or feed
stock ("in-situ"). However, it is advantageou to the user to be 35
supplied with netal oxide cat al ysts having sulphur, as an SUBSTI TUTE SHEET
(RULE 26) WO 9¢14méA8 or in the form of an organo- sulphur compound,

PCT/ EP97/ 031. - 3- s rm

i ncor por at ed theréPﬁggB%%gge dp;&eﬁs%% rgrl 2'12{ cat ystgx can %éal gggﬂg'}gq%can
- reactor and broughe ﬂtpaﬁ@dreatttqe‘mI@ﬁRﬁQJTo?ﬁdlbr@mtbr‘é@eﬁ@eréﬁchyenogen

- causing the 5 o 3l RHYROM i WHA Wr LM NI LRy ﬁzgénweatisbﬁér ggen and

the netal oxides { ereby - -converting theminto sulp hout,”any
- addi tional5 procesSudpByE 188 R IRIEHe FompriRd p?%sﬁ?%‘l’n%r‘f’%%ﬁ BH@EP?@Psand
provi de an econontgeagealagkides ehet ety Wﬁmn@nﬁh&woiﬂtwaulphlﬁég

hazards such as 10 fla toxicity t he t ope tor
encount ers when u??ﬁ&%d%’é’er?%%’b%ij PYQTFe s%“r?ﬁ?g%%?“%rﬁ asd These
pol ysul phi des and Qésmmpmmnmmi tua&a.ﬂﬁtsieptdmldataﬂ:yscenoﬁéceadtraneabedso

~ of presul phuri zi n g’rl ator 2 and 4P YS! 1?1% E”E’ﬁ@ hat4ghat %ﬁ@h’ 0g

cat al ysts have be | ncorporatil conpounds 1 nto
a porous uoat al yst fﬂamuabtldlmwrétm} dexiri Y hywirbelhr bos Pbéﬁ%t eBRraker

exanple, U S. pat I h r urizing a
hydmc))treatl ng 20 ‘éﬂtcolﬂgx;:t ;%é%ﬁaéiﬁéiiﬁ oéeﬁméupﬁh%ep ﬁbﬂl@b atentho.

st with organi }gol sul ?
4,177,136 di scl ossglphigiafod Qﬁga}ﬂ%lﬁ’%\—m 9§tmE§CE‘P§aP?n§°t he
catal yst with el egallwldwltp{wrcatalysts

Several methods of presulphurizing metal oxide

15 catalysts are known. Hydrotreating catalysts have been
presulphurized by incorporating sulphur compounds into a
porous catalyst prior to hydrotreating a hydrocarbon.
feedstock. For example, U.S. patent No. 4,530,917
discloses a method of presulphurizing a hydrotreating

20 catalyst with organic polysulphides. U.S. patent
No. 4,177,136 discloses a method of presulphurizing a
catalyst by treating the catalyst with elemental sulphur.
Hydrogen is then used as a reducing agent to convert the
elemental sulphur to hydrogen sulphide in situ.

25 U.S. patent No. 4,089,930 discloses the pretreatment of a
catalyst with elemental sulphur in the presence of
hydrogen. U.S. patent No. 4,943,547 discloses a method
of presulphurizing a hydrotreating catalyst by subliming
elemental sulphur into the pores of the catalyst then

30 heating the sulphur-catalyst mixture to a temperature
above the melting point of sulphur in the presence of
hydrogen. The catalyst is activated with hydrogen.
Published PCT application No. WO 93/02793 discloses a
method of presulphurizing a catalyst where elemental

35 sulphur is incorporated in a porous catalyst and at the

SUBSTITUTE SHEET (RULE 26)

%
4

\
\l

\



Hydrogen is e d as a reducing agent to convert the ele %
to hydrogen %%ﬁ#@g in situ. 25 U S. patent No. 4,089,9 |sc/iﬂoses
the pretreatnment of a catalyst with el enental sul phur in the presence of

hydrogen. U.S. patent No. 4,943,547 discl oses a met hod of presul phurizing a '
hydrotreati ng catal yst by subl i mi ng el enental® sul phur into the pores of the

~catal yst then 30same thaal ioig subsegpiently ¢atealtisig ihe W d Dyst tRIBRr gt ure
above the neltlng BH gwpﬁffSU|ph ﬁﬁp th&FPresence of hydrogen. The

catal yst is activat¥d S‘A’ XHed PCT application No. WO

93/ 02793 di scl oses anmm,othmsmeb@hutmmaWWd vt £1 psesentst

- 35 SulPhur L8 BRBIERREAL 8% 4 AT S YhTorf Wb JPEorEST TUTE

SHEET (RULE 26)
PCT/ EP97/503130 -dontags wWikh dhesimydrqearbon thesd i a hydwecaykonwi th a

liquid olefinic €¥QEQ‘§§&B enredeR4er, these ex-situ presul phurized
catal ysts nust b ggécte to g separate _activation step prior to 5

contact with the hydThexesoxenedd iF EPRISS IR the dasenrt r ta¥estion

Therefore, it iscgnpepatie ahn Ht iv=AeA)t px@é&fﬂpkﬁﬁ'i&d)r&ﬁ%feéﬁlphlded
activated, presulg Iiﬁ( zed or, res&l hi.ded cat al ther fresh
regenerat ed, witfBhRl¥FE 1Gither l}éﬁém?QQﬁ, r%&%b%&?|GBF|on

treatmemto prior fregoadmeaentwifior tahsdpﬂtranearatnrutaaecbri rctdecmendct prior to
Therefore, in acgﬁhg_g@%e“w thh tﬂéehv Hdﬂ’ éd)“.‘n ‘E‘? %%g @5 vi ded a
da

process for prestlphurizing porqus particles of a s e ca alyst
containing at |east Thereforgne ipe@@cosidangey widh d-'é"-e \Rreseronpryention,

there is provided a process for presulphurizing porous
particleé of a sulphidable catalyst containing at least
15 one metal or metal oxide, which comprises
(a) impregnating the catalyst with an inorganic
polysulphide sclution to obtain a sulphur—incorporated
catalyst in which at least a portion of the sulphide or
sulphur is incorporated in the pores of the catalyst; and
20 (b) heating the sulphur-incorporated catalyst in the
presence of a non-oxidizing atmosphere.

The present invention further provides a
presulphurized catalyst obtainable by a process according
to the-inveption. '

25 As used in this specification, the term "inorganic
polysulphide" refers to polysulphide ions having the
general formula S(x)z' where x is an integer greater
than 2, i.e. x i8 an integer having a value of at
least 3, preferably from 3 to 9, and more preferably from

30 3 to 5, and the "inorganic" terminology, in this context
refers to the nature of the polysulphide moiety rather
than to the counterion, which may be organic. As used
herein, the term "inorganic polysulphide solution" refers
to a solution containing inorganic polysulphides. As

35 used in this specification, the terms "metal(s)-", "metal
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(a) inpregnatwopribamscat al yst with an inorganic pol ysul phi de s®CHERIFI03130
obtain a sulphur-lncorporated catalyst in which at |least a portion of the
sul phi de or sul phur is incorporated in-the pores of the catalyst; and 20
(b) heating the sul phur-incorporated catal ys_té' n the presence of a
non- oxi di zi ng at nosphere. The present invention further provides a

presul phurized cabeige(sdbtaandb|"melppla spiphdsie (@dcdy dianainime cavabysos.
25 As u t ' o1y W . [ Q%Q?

pol ysul phi de” ref:'grr?‘gl gepléFE P@E e 1 ons hgf/réglattteﬁ[epe eér}g? mﬁ' u§ 38
where x is an |nt@g©ua§r§§iiéﬂ-Yi3ﬁ§n 2 Furthex |t§19arf—q1?ﬂ ég@taﬂaw)ng anv&udes

~of at least 3, prelegppby &hogva%ttlaﬁy 3 ATV LS ablphd R Ormeta1 3
to 5, and the "inorganic” Jtermnology, in this context refers to the nature

of the poBysul phiekideisly ArcA¥deshmetad oxddedilt o RATEIA LY egdueed
or gani cI As used fg¥RLN, whe ek "'hﬁ:trag.aliﬁuﬁ.p@ﬂdés(lﬁ)pggﬁﬁzﬁﬁiéﬁlmﬁ IGLEFS
to a solution cont in ni_c 2Rl ysu p l.des. us in this
speci fi cati on, ‘a%f?ﬁée(ﬁgt g?‘ %@Bﬁ%@@% "(%LEaEG)

WO 97/ 48488 totally sulphlded metals The aleGFH HROMLHIiMBOIude in
oxi de(s)-" and " | V. cat al yst
precursors that a?e su%giélgge%t% Egg?fggtssglﬁ% catadsé% &g&@% t he
term"nmet@l (s)" |mntndéssmepawbéﬂ1ﬁﬁspaﬁﬁkﬂﬂ%ﬂaﬁqﬁn@xﬂiQOQAatGShe term
‘metal 5 oxi de(syn tRe! 5§a§eﬁ%t ghvredens) d %Mﬂ;ﬁ{maﬁféi%é@aior

The term "netal sul phi s).""includes netal sul phide(s) that are partially
sul phi ded as wel Im%%a%oP?iP-fi? SEPSRAGRICRLRL Y SEhd SifRRF eBaked i thaeann

inorganic polysulphlde solution to presulphurize the

presulphidable metal or metal oxide catalyst at a

15 temperature and for a time effective to cause
incorporation of the sulphide or sulphur into the pores
of the catalyst. The catalyst is heated following
impregnation under non-oxidizing conditions for a time
sufficient to fix the incorporated sulphide or sulphur

20 onto the catalyst.

The catalysts referred to hexrein as "sulphidable
metal oxide catalyst(s)" can be catalyst precursors that
are used as actual catalysts while in the sulphided form
and not in the oxide form. Since the preparative _

25 technique éf the instant invention can be applied to
regenerated catalysts which may have the metal sulphide
not completely converted to the oxides, "sulphidable
metal oxide catalyst(s)" also refers to these catalysts
which have part of their metals in the sulphided state.

30 In a preferred embodiment, prior to impregnation with
the inorganic polysulphide solution, the metal or metal
oxide catalyst particles or pellets are hydrated to
equilibrium with air in order to reduce the initial

exotherm.
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part other GoEBouEasS such as carbides, borides, 10 ni tr p&PRPo7/03130
oxyhal i des, al koxi des and al cohol ates. In the present invention, a

presul phidabl e netal - or netal oxide-containing catalyst is inpregnated’

wi th an inorganic pol ysul phide solution to presul phurize the presul phidabl e
metal or netal oxide catalyst at a 15 'ténﬁerature and for a tine

- effective to cause incotaprpingnout the pubpbideodr thel pliresentt G v HiBES

of the.catalyst. The catalyst LS foll owi na, inpregnatji on under
: non-oxidizing<uﬁﬂﬁ??%n a#%?ythngeéggF?cﬁgﬁtcpﬁtfggegh@nphfaﬂﬁ£9éeﬂfth
. sul phide or sul @wrierganicopedyshipbadel goilutiba uaterysomnditfiensedhich
- herein as "sulp 'éﬁ%& t i t ) " t st precursors
that are _used ag%ac u:?H%a?g}EE%gsmg?lgbﬁéh?ﬁecgwﬁgﬁpggd%gb?%¥and not in
the oxi d® form eR¥EPeFRteAcpBER: Fhe pores of; EBenicatalyst: Y i nst ant
nvention can beprgedtiont eoener 2hodoanlal yon bRl dERY BRI he SIS
sulphlde.not_coggletgég converted,to the oxides, "ﬁu phi dahl.e mét al _ oxi de
catal yst (s)" al SPIRILT sCPBPPHRL:1RGPEPOLR efh FakatXFE Sl Lo maferrad s
in the su!phidedﬂstaée?saﬂphu;—inc?rpbraagﬂreﬁeﬁuggtgmboginent,lprior toI
| npregnation wth t | Nor ganl ¢. Ro u L de .sol ution, the neta r, neta
oxi de catal yst partitres® gr%%ﬁfgtEX§¥8829gP§Fe8°ﬁ8géSHiFﬁbﬁxmhﬁéﬂ air in
order tdOreduce pieparediky @xsshdvingSeBeNEAUALE SHERhufRUDE a26)agquedif

97/48488 ammonium (?r ammonium derivativggTﬁEQQZ/Q%%%%qé%qu’
carrying out the process of the Eresent i nvention, “pordus_catal yst'
particles are coHipRBiEdmantetEaetbylppponium, etc.) sulphide solution.

Preferred polysulphides include inorganic polysulphides
of generéi formula S(x)2- wherein x is an integer greater
15 than 2, preferably from 3 to 9 and more preferably from 3
to 5, such as, for example, S(3)2~, S(q)2~, S(5)2-,
S(e)2~ and mixtures thereof.
The inorganic polysulphide solution is a red solution
in which a dark colouring denotes a long chain
20 polysulphide and a lighter colouring denotes a shorter
chain polysulphide. The inorganic polysulphide solution
" thus prepared is used to impregnate the catalyst
particles using a pore volume impregnation method or by.
incipiéht wetness such that the pores of the catalyst are
25 filled without exceeding the volume of the catalyst. The
amounts of sulphur used in the instant process will
depend upon the amounts of catalytic metal present in the
catalyst that needs to be converted to the sulphide. For
example, a catalyst containing molybdenum would require
30 two moles of sulphur or mono-sulphur compounds to convert
each mole of molybdenum to molybdenum disulphide, with
similar determinations being made for other metals. On
regenerated catalysts, existing sulphur levels may be
factored into the calculations for the amounts of sulphur

35 required.
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an inorgani c (g o#dskgdni de sol ution under conditions whi ch caused¥nEr97/03130

sul phi de or” sul phur conpounds to be 5 I ncorporated into the pores of

the catal yst by inpregnation. The inorganic polysul phi de-incorporated or

sul phur conpound-i ncorporated catal ysts w || referred to as

- "sul phur-incorporated catal ysts". The inorganic pol ysul phide solution is
typically 10 pr efaee dropnti $HO|sulphuet ezm:itaal]s)ulgﬂi'esemn an ah&eous

amoni um (or ammop r|v t t y. traeth .
amoni um etc.) sﬂl*‘é?ﬁggl Sol tﬂitl:&gsrllxlq;ﬁq erﬁﬁ%&ys% j nc%‘ proce s is
i nor gani ¢ pol ysul phi ttbe afangenefalfxan rﬁJIReJS{%Q-memht xtossanpeurt:eger by
greater 15 éaggm %%fs%rcﬁtan\/ PR 410 Wb 2Kk "BE e e&ﬂgéhxnf rom 3

to 5, such as, for ml e, Slerr] S[err% S(lLerr], S[err] and m.Xxtures

thereof. Phe i nor HiaherpSopsenimatdans Rf nishur réap doe @Pbainadukych a
dark col ouring demﬁbe&aelldngar@wdho’éhtraumIc@u&m@l@leaﬁeﬂng !ainﬁbh%m

colourlng denotes a_s Qrter ai,n phi de. The i hi de
sol ution thus pref4tBide L?é’gd‘ttlt?’f y@bﬁ]dt’ﬁ’zﬁ?é”c%t%?n@%gﬁ;%hﬁga Eggh‘gllﬁ’@ a
p?rehvolunel|npreqmaglg&nﬁﬁdﬂﬁ%(hade/arnaﬁmcﬂﬁfVEﬁIpﬁ@ﬂsuﬁh?ﬁmphlaéebQOFES
of the catalyst are | W ee t he.vol u

catalyst. The am‘:fﬁﬁ?gltof]‘nsd:l %lfjra%%s c# :f(ﬁ:nsta‘rqg p?%%eggegﬁr?‘{’&gpéﬁd
upon t hel@nounts bthecxiazgst |fcrqu'etﬁall p‘-r%s’e-'rﬂt i IThehcamount yof shhphueedla the
be converted to tmﬁ&glapﬂlcdeoﬁfyul@tﬁraé E‘solﬁxﬁ%r@'i’ébq&ﬁé%p uréiﬂ,ngu xh%num

woul d require 30 ur or nono-s oun

convert each nol etBe ﬁﬂ‘l"}lﬁ’&e rﬁm’gam ted ARER, t}\?\?tﬁaEPﬂﬂfﬁér

deterni nations beFagta&des‘ dls eypdlcallyblsn davurtganef ol elest 8bYpidvide

exi sting sul phur [evel efac.tored |nt0the l.,cul ations for the
amounts of sul phuf©%58 OlCY’H? ‘Stlc—%é*@ f f)'m\ponents
15 from the oxlde form to the sulphide form and is generally

in the range of from 2 percent by weight to 15 percent by
weight, and preferably from 4 percent by weight to -

12 percent by weight, based on the total weight of the
sulphurized catalyst.

20 It has been found that the addition of
presulphurizing sulphur in amounts down to about 50
percent of the stoichiometric requirement results in
catalysts having adequate hydrodenitrification activity,
which is an important property of hydrotreating and first

25 stage hydrocracklng catalysts. Thus, the amount of
presulphurizing sulphur used for incorporation into the
catalyst will typically be in the range from 0.2 to 1.5
times the stoichiometric amount, and preferably from 0.4
to 1.2 times the stoichiometric amount.

30 For hydrotreating/hydrocracking and tail gas treating
catalysts containing Group VIB and/or Group VIII metals
the amount of presulphurizing sulphur employed is
typically 1% to 15% by weight of the catalyst charged,
and preferably, the amount of presulphurizing sulphur

35 employed is 4% to 12% by weight of the catalyst charged.
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- VW 97/ 48488 w4 oy _ PCT/ EP97/ 03 pea/epd7:83180
anount of sdvbhur %ypically present in the inorganic polysul phide sol ution
in the present process is in the range of from5 percent by weight to 50
percent by wei ght, based on the total weight of the solution. 5 Hi gher
concentrations of sul phur can be obtained by 8ntreasing the concentration

of the starting amm‘i‘h@ms%ﬂ;ﬁﬂi‘xdEin_&%él#ﬂﬁ‘ioﬂ_ herépOoRIaDi €yPREX3 U PBede
solution will generally have a ratio of sul phur to sul phide_by weight in

_ the range from 2¢2rrded PutAF & HLREFICRFe 190 the FaRIpfx8™ Pom©LP t o
 3:1. The anount 30f egulophHighe heup nos gemi €C pol Yhe! bbwde semperature

. general ly such that .the amount. qf her i 0pregnat Qpt he_cat al yst
~particles is typré¢B lgnr%%%%%%?c#l]éﬁ?ggggg?%%ﬁgeofoghét SPERSERET i ¢
conversi an of thpolwsalphdde ekt idn undefrthet pecifie Conditdonse of
sul phide form and | ally J r r t eisght to
15 percent by meggh?€a§§¥€§éﬁe#%hﬁ%?érgﬁgiugé?%egghﬁﬁpaéﬁgﬁtl?%f Zl%grcent
by wei ght, basedfamedhenimarilieikihtderorpesitiphuPfzEhecangrganico

It has been foungihat, 1 RHEII L Gh 06961 RBYLEZ EBRPSURABUANGN AAMuHtS1
down to about 50" pefcent of the stoichionmetric requirenent results in

catal ysts havingS&&&ﬁﬁﬁ%e hydrodenitrification activity, which is an
| mpor t antg property offdidwiirice aimpredquat ibnsbf 26he cataliysgepaytiediesc kiith

hcor por at i on | nEBS RS PR T e BBt 5 PR PR Fb¥ BR3E M m 0. 2 o
1.5 tinmes the stdncorpotated aratmiystniispsubiegbed t£eom beatt grearmentesin
the StoichionetrE%ea%m@gence of a flowing non-oxidizing gas such as, for
example,'nitrogen, carbon dioxide, argon, helium and
15 mixtures thereof, at a temperature sufficient to drive
out most of the residual pore volume water and to fix the
sulphur on the catalyst. The heat treatment of the
sulphur-incorporated caﬁalyst is preferably carried out
using a ramped temperature procedure in which the
20 sulphur-incorporated catalyst is first heated to a
temperature in the range of from 50 °C to 150 °C,
preferably 120 °C, to drive out most of the pore volume
water. The catalyst is then ramped to a final hold
tempéréﬁure_in the range of from 120 °C to 400 °C, and
25 preferably from 230 °C to 350 °C, to fix the incorporated
sulphur onto the catalyst. Following this heat
treatment, the catalyst is cooled to room (ambient)
temperature and rehydrated with a water saturated non-
oxidizing gas. The resulting catalyst is stable to
30 handling in air. .
The presulphurized or presulphided catalyst of the
instant invention is then loaded into, for example, a
hydrotreating and/or hydrocracking reactor or tail gas
reactor, the reactor is heated up to operating (e.g.
35 hydrotreating and/or hydrocracking or tail gas treating)
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30 W 97Mg@ssot r eat i ng/ hydrocracki ng and tail gas treatRCIZEP97/03130
catalysts containing Goup VIB and/or Goup VIIl netals the anmount of
presul phuri zi ng sul-phur enployed is typically 1%to 15% by weight of the
catal yst charged, and preferably, the anount gf presul phuri zing sul phur 35
- enployed is 4%to 12% by wei ght of the catalyst charged. SUBSTI TUTE SHEET
(RULE 26) VW)95éﬂ8ﬂ8$ons, and the catalyst is then 1mmedlately-

PCT/ EPQ7/ 03130 - 8- i

out at a tenper at%?%g?ﬁé l;‘gRggp ?’ s’g%% %O\M%Of %é/edr)ér y ‘E%ﬁ%‘:’y gge
to 60 [err]C. Thméedeforeapeeacn:sndekiu mcmxwgtfuqm@ﬂ);thmec%@ewhgwpohnt of
the inorganic 5 drB@%XSEKERE&d%oSEbﬁEh@E WElhd ReuSPRAL I ERNEHLT ons of

| mpregnati on, mher erature limt is fiXed primarily by

deconposi 6i on of h]ﬁ@rpﬁéFBQﬁ?6eﬁ’HPy§Gleﬁﬁ‘t6’é’"sol dthide met orEshing cbApbands

and el enental sulpfiha B9 any parucﬁqblzomﬁymrﬂgmaé i Ndvéder Bat at st
particles with the |norggn|c ésulphlde gflutlo he SLH;EP
i ncor por at ed cata?%%?n¢§ SGEFéHF &°fo PETHE; OFeT ?ﬁ%%%ﬁce of a

f1ow ng non-oxi di ﬁégﬁlgaa fuehers sitw presulphiddd regealyses bbe soexi de,

argon, helium and h of t.e rat ur t to
drive out nost ofn?ﬂ%s?8§Vd5§F 5%%@& %q% g %P#%H%é?) 73f§+ébs ?pﬁﬁ? on
the catalpst. Thepheaentr ¢éavenfion belcausel, pnm-nha:mmmte@ma‘sgstmbst

preferably carri e(? 08Le“§'ﬂ§h?1lﬂ AARC S 1 RIRES q:tégf_q;erg QERrénéd Mmabhghothe 20

sul phur-incor porated cat |rst heated to enperature 1n the range
of fron150[err]C:@%tégooréﬁﬁﬁctob EOFEy MGER 12@HEQQQQ§'tQF(ﬂ*%@FBﬁF1HB%Y'of

the pore volume the sulphur is fixed in the pores of the catalyst to such
an extent that it does not leave the pores of the
15 catalyst prior to being converted to the sulphide.

The process of the present invention is further
applicable to the sulphurizing of spent catalysts which
have been oxy-regenerated. After a conventional oxy-
regeneration process, an oxy-regenerated catalyst may be

20 presulphurized as would fresh catalyst in the manner set
forth above.

The present'process is particularly suitable for
application to hydrotreating and/or hydrocracking or tail
gas Eféatigg catalysts. These catalysts typically

25 comprise Group VIB and/or Group VIII metals supported on
porous supports such as alumina, silica, silica-alumina
and zeolites. The materials are well defined in the art
and can be prepared by techniques described therein, such
as in U.S. patent No. 4,530,911 and U.S. patent

30 No. 4,520,128. Preferred hydrotreating and/or
hydrocracking or tail gas treating catalysts will contain
a group VIB metal selected from molybdenum, tungsten and
mixtures thereof and a Group VIII metal selected from
nickel, cobalt and mixtures thereocf supported on alumina.

35 Versatile hydrotreating and/or hydrocracking catalysts
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wat er. The @@)’4}5@8 is then ranped to a final hold tenperat uprgpoblisiabange
of from 120 [err to 400 [err]C, and 25 preferably from230 [err]Cto

350 [err]C, to fix the incorporated sul phur onto the catal yst:. Foll ow ng
this heat treatnent, the catalyst is cooled to room (anbient) tenperature
and rehydrated with a water saturated non= &Ridizing gas. The resulting

~cat alyst is Sta@hﬁchos w good i ALy MirRidr VAW RIE O%'&egdfzégn&i ions

- presul phided catalyst of the instant_invention is then into, for

~exanpl e, a hydr 8FPeatiRG "ANEBPARRD NG I eRd b randy folaltreact or

. the reactor is Rhgaypdern atRANRLY (Fhdbph¥irus is yshial iRes i agaandhsr a

. hydrocracking or tail gas treating),.SUBSTI.TUTE SHEET ( RULE Zgi-)Y V\g

. 97/ 48488 promoter. versatile a_ul gas tyepting eRhabysy.which

- conditi gns, andshbescabaldy sictiisritthe urideredizatidus adatdedcondbt fons is

- hydr ocar bonaceous f{ C| | ed f X ctivation of
the catal yst w i ﬁ;g‘g'o%%nléap:gor 0 c%%&%%%ﬁ%%@a#%?h the 5

hydr ocar bonaceous f FaésexcieitunpnesHmhuatizdipn ondtehdrd ol tlyisny

particul ar theogyyeht jish RehiRKetd alyd it Loderiied Redd SR Q01 RG" | et h

hydr ogen generaﬁ?‘;?e?leg]'ui red for ex-si tYu presul _phi d'edl%g%t a%stslﬁg %g.tﬂ/%

necessary for chfalygps Freafiifld R&REKAT SN Shaetad up mone cguackly

i nventijgn becaugg, proviildEny Eontinmatietse doiiadd witn sthehur has al ready
reacted with the tal or nmetal ozé;]e;i%e%to f or m net al sultggide , or

alternatively, PHErOGRFRARASEIYS R IOt LD ITEIRER st to such an
~extent that it daremimaltirepthe lextpandssd cictivatifon stepatitlyshydrogent o

bei ng Convertedwh?chh%é“ﬂé@éé@%ry for conventional ex-situ

presulphurized catalysts.

15 Thus, the present invention further provides a
process for converting a hydrocarbonaceous feedstock
(i.e., a hydrocarbon conversion process) which comprises
contacting the feedstock with hydrogen at elevated
temperature in the presence of a presulphurized catalyst

20 according to the invention. ' _

Hydrotreating conditions comprise temperatures in the

range from 100 °C to 425 °C and pressures above
40 atmospheres (4.05 MPa). The total pressure will
typicéli& be in the range from 400 to 2500 psig (2.76 to

25 17.23 MPa). The hydrogen partial pressure will typically
be in the range from 200 to 2200 psig (1.38 to
15.17 MPa). The hydrogen feed rate will typically be in
the range from 200 to 10,000 standard cubic feet per
barrel ("SCF/BBL"). The feedstock rate will typically

30 have a liquid hourly space velocity ("LHSV") in the range
from 0.1 to 15. '

Hydrocracking conditions comprise temperatures in the

range from 200 °C to 500 °C and pressures above
40 atmospheres (4.05 MPa). The total pressure will

35 typically be in the range from 400 to 3000 psig (2.76 to
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The process ofyd $ushdgesent invention is further applicable to tHerEPI7/03130
sul phuri zi ng of spent catal ysts which have been oxy-regenerated. After a
conventi onal oxy- regeneration process, an OXxy- regenerated catal yst may be -
20 presul phuri zed as would fresh catal yst .in the manner set forth
above. The present process is particularly suittabl e for application to
hydrotreating andor eBysipagr.ackiheg hyfdriogen geesrt izhtpressatal y$l$ typdsally

catal ysts typi cal 25 C [ G Vi lor. & I net al s
"~ supported on por o%é %Bpﬁ&gt %‘%h smalagdrﬁbontao E%Wc%%l%i? %y Bni na and
 zeolites. The natgri.aBsMpad wel'nhedéfyrdmgem iMaatemibhntmlpaébxr be byx
- techni ques descri Qﬁg gggl 'gtro%kl%,f*ho%s d %O(Paé@iﬁdﬂ)d §1 E géétagéf(c

i ng

pat ént 30 erred hydrotreating rocr
Cor tail gd&s treatbagreat d"SSFR/BRL") corkhe #%%‘F'&FH‘\FB"—%‘N&?—%EYQ&F@& ¥r om

nol ybdenum tunQSf\SOeaadlm i Yoy afad @l SEDUP VHLESUR) ainSeheckadge
from nickel, cobalt and m Xtures tH_,reof su ort on al um

Versatile hydr ot r 850Mn@ -dnd&ort Sy drfosic k8 ¥EYRcEackpET YTU$E°§HEE?IY
(RULE 26) WO 94(:48¢3Rsiderable hydrotreat:l.ng of the feedstock may

PCT/ EP97/ 03130 - 10 - C 0 act|V| er_varLous_r tor
condi tions are al GRERAL &&Bb?’t‘@ﬁl‘eﬁﬁ q‘-kedﬁ‘ %&W %‘%ﬂ %853€F-eg§%r§bagﬁuﬁlt
catal yst g0 Phosphmbuen :tempeztattmsaddah asecond osvage . hydvecratkerst. ai |

gas treating catalystq 'ﬂ}rdﬁ:ocarboﬁ'{w&%@oﬁi%é?éﬁé{éﬁé’ £89BE K Eli:'BE:?eat_cl-'__-ﬁ

reactor conditions is an um na- supparte bdenum cat al yst
ex-situ presul phuekrz ayidxegradiad ¢m ttlfﬁ% PrReeRt oﬂr%??%ﬁsc'?ﬁe"ary within a

hydrotreating, hygiaer ilihq@éHrife. They include lighter fractions such

as keroeine fractions as well as heavier fractions such

15 as gas oils, coker gas oils, vacuum gas oils, deasphalted
oils, long and short residues, catalytically cracked
cycle oils, thermally or catalytically cracked gas oils,
and syncrudes, optionally originating from tar sands,
shale oils, residue upgrading processes or biomass.

20 Combinations of various hydrocarbon oils may also be
employed.

Tail gas treatment reactors typically operate at
temperatures in the range from 200 °C to 400 °C and at
atmospherlc pressure (101.3 kPa). About 0.5-5% vol. of

25 - the tail gas fed to the reactor will comprise hydrogen.
Standard gaeeous hourly space velocities of the tail gas
through the reactor are in the range from 500 to
10,000 hr-l. There are several ways the subject catalysts
can be started up in a tail gas treatment reactor. Claus

30 unit feed or tail gas can be used to start up the subject
catalysts. Supplemental hydrogen, as required, may be
provided by a gas burner operating at a substoichiometric
ratio in order to produce hydrogen.

The invention will be described by the following

- 35 examples which are provided for illustrative purposes.
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tail gas t_r%'bﬂguggact_ors to be started up nore quickly 10 pCcI/ERPY03130
providing for imedi ate contact with the hydrocarbonaceous feedstock in the’

reactor.- and elimnating the extended activation step with hydrogen which is
necessary for conventional ex-situ presul phurized catal ysts. 15
. Thus, the present invention further providestZ process for converting a

' hydrocar bonaceo E . ORXERSh AR B
conpri ses contaﬁ%@%‘%ﬁ%ﬁc Wt gr gen_at .el[evated tenperature in
the presence of a prARARAKIIGEE RRL¥FYlphdde solutieg, §PRyUES die the

i nvention. Hydr gigeBswig CeRsnpl@sswasnprepartanbyr addiag 4 Giansnge from
100 [err]Cto 4254err{%and 1Q%essures above 40. at rrgsgheres 4.Q5 MPa). The
total pressure Bi§me FRIPIUT | Ot ReVFERERUPLENSAB6TEE 5838538 Q8. 76

to 25 5 17. Zonmdidum ShEphideogrhopmillalipressuee ikl Jt.ypiThad |y be in
the range from 200 to 2200 | 1 7 .o Lha. hQgQe ate
~will typically ?'ﬁ\erfrh%gr ?@’S%ﬂ?’%o%ﬁ‘gﬁgg?%é}% nggét §§d§rl %%g&&%c e‘g?g‘péer

barrel ("SCF/ BBlresullthingecsdtuebienrhecane| redypirangey 30he mixtare wvas quid

. hourly space vel qcj "LhEM) ad ethan Q& ska1vidgdr o Ki ng
condi tions corrpréllgjé}%[eeérperattljrggmi %Etﬁear gﬁgghfggﬁgzéogq[%?} Cto gl(r)}gé[ err]C

and pressures amstuad sukBRprcFeRteRtosip gRaWag, 89s Wk widnd 35
typical{y be in dje é@I‘%ﬁufr@& 400ph9a30QRight g ra?idb iho t eBSHIUHRSHRE
(RULE 26) WO 97] 4848

PCT/ EP97/ 03130 -349-- 20.68 MPa). The hydrogen partial pressure will
typically Example 1 :

A commercial hydrotreating catalyst having the

properties listed below was used to prepare the
15 presulphurized catalysts.

Table A: Catalyst Properties

Nickel 3.0 %wt

| Molybdenum 13.0 %wt
Phosphorus 3.5 %wt
Support gamma alumina
Surface Area, m2/g 162
Water Pore Vol., cc/g 0.47

' size . 1/16 inch trilobes

A 50 gram sample of the above catalyst was hydrated
to equilibrium with air. The hydrated catalyst was then
impregnated with 28.0 millilitres of the above inorganic
polysulphide solution. This solution was added dropwise

20 to an agitated bed of catalyst pellets contained in a
nitrogen purged (0.5 litres/minute) three hundred
millilitre 3N round bottomed flask, using a syringe pump
apparatus. The stand on which the round bottomed flask
was attached was vibrated using an FMC vibrating table,

25 with the amplitude of vibration set so as to create a
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be in the range d9e4ms300 to 2600 psig (2.07 to 17.93 MPa). The PRF&ERPST03130
feed rate wll typically be in the range from 1000 to 10, 000 standard cubic
feet per 5 barrel ("SCF/ BBL"). The feedstock rate will typically have
a liquid hourly space velocity ("LHSV') in thgrange fromO0.1 to 15. First
stage hydrocrackers, which carr¥ out consi derabl e hydrotreating of the
feedst ock may opdrmbsling Hpe@epLt eAbaLNEhr BELLRES -hy At resuditdng black o

| ower t.enperatur éi@@sSﬁéﬁédcﬁéﬁgﬁeaxéaw:aﬁuk%&m Tl MW@@PUSC
f eedst ocks to be rotreated or drocracked in the prese%eg_hocess

vary within a mﬁd i 1T hgtPEngRe B§ i nEPEdEFRIHES YRS,
kerosine fracti ongheaseidl hRSl8ceemperatacki offis 2snchc15(soo °Ris ayad hnld,

- coker gas_oils, vacu oils, a t
catal yti cal | y cr a@k’é %all's‘%uﬁ I snghngg% I %q(])'%h(k:‘%t a yt c%%y%g%%éég%%ﬁt
- oils, and syncrudss,thepttonall 9abaﬂ-gsnat| Ahef sudplharxr sontentsief <he | s,

r esi due upgr adi nq:ﬂg‘gésg agragkgggga ugg g LEC@OI&'I%Ea@l%IPde-a” ous

hydr ocarbon oils Ta e enplo gas treat reactors

typical |y oper ate43a2 Ct:aaﬂp@naﬁuléburnapﬁé}fﬂsﬁge Themprorerdrigsc o Y
[err]C and at at '@é@i‘ﬁyéﬁ Rressikeeqlh Fable) 1 Heaw.0. 5-5% vol . of 25
{

the tail gas fed to the reactor w conpri se hydrogen. Standard gaseous
hourly shBce veIdﬁﬂmﬁﬁéa%+¥$h§xﬁﬂphgg§s through the reactor are in the

range from 500 to 10,PKé dadsi;ﬁer]:ithhydrateeaevmgalca\my:ystmeieadzq'méd in
catalysts can be SLAIFE ¥Pablvd baE! SRS CLEER PR LrLR o s W eu

unit feed or tail used start up the subj ect
Suppl enent al hydrsqtphlésngequpﬂedurﬁay be provided by a gas burner

operating at a SUbStOACQ%ﬁg}‘%be EﬁE' eatal%@e&atsom dhel'HasRea THe

invention will be descri | ow n% exanpl es which are
prOV|ded150r|IIlﬁ§T%§|W@SBur§8§ ged ' ned"a esting unit Having a set

pressure of sulphiding gas (5% H2S/95% H2) of
1 atmosphere and a flow rate 45 litres/hour. The
temperature was then ramped from room temperature up to
204 °C at 0.5 °C per minute and held at that temperature
20 for two hours. The temperature was then increased to
371 °C at a rate of 0.5 °C per minute and held at that
temperature for one hour and then cooled to room
temperature. Thereafter, the unit was switched to a pure
hydrogen flow and target rates and pressures established,
25 and then hfdrocarbon feed was introduced. The final
sulphur level was 8.8% by weight of the total catalyst.
The sulphur content of the catalyst was analyzed using
LECO corporation SC-432 carbon-sulphur analyzer. The
properties of the catalyst are listed in Table 1 below.
30 Catalyst Testing
The catalyst sulphided in Example 1 above was used to
hydrotreat a catalytically-cracked heavy gas oil (CCHGO)
in a trickle-flow reactor. A sample of the catalyst was
crﬁshed and sieved to a 16-45 mesh, diluted with silicon
- 35 carbide and loaded into a trickle-flow reactor tube. The
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. SUBSTI TUTE %@,}@LE 26) WD 97/ 48488 PCT/EP97/03130
PCT/ EP97/ 031307 - - Preparation of Inorganic Polysulphlde Sol ution An’

i norgani ¢ pol ysul phi de solution for use in the follow ng exanpl es was
prepared by adding 42 granms of elemental sul phur to a vigorously stirred
solution of 5 ammoni um sul phide (150 mi¥4ititres, 22 omt.). The

el enental sul ph%eéé‘i!&@llahséwbegpﬁeé@uﬂeasebVE1aodpbm? rngsel mMeag Sﬁ.tlli ion
becane,red-orangb The m xture %as stérre? gg % e sulp was

di ssol ved. The AIERILRIPh? EORY RSt Cth %EFFﬁn Bexe ¥Tomt , TBShd 10
the sul phur to stdadicte was gthenaheated tbe930PCt and aaSCRGO. ﬂ‘eeamﬂas 1A
commerci al- hydraotreatin t S e p | oW was
used to prepare R3R° e_L% Sves élir%s%?gﬁ'ﬂ'l ze c%t g’lﬁgﬁﬁ"h ﬁ%u%:l? %g’a%?t al yst
Properti®s Ni cketelocity (LHSV) of 1 5. The3tempgratpirgbvasumamped at a

13.0 %t Phosphqr #@ g\ °C per hour up3ts 3@@ S¢0RAE! then held for a
gamma al um na Surtace rea 162 Water Pore Val., cc/g

0.47 Size period of SleY1’6°vﬁEh t?P‘I“BBe§ Kers Lbem soifectad ahd

above catal yst vgsaiyseéated aQtGﬂﬂihebthHrTthrbgéh&tﬂShQ hydrated catal yst
was then inpreg Ilitre ve.in rl%anlc

L
pol ysul phi de sthX&%ﬂgén*ﬁréf%8?%}?8naﬁgsﬁxgﬁggengB REd to an

agi t at ejlobed of zctivisiepel | Rasecoonatantsi ara reported relative to
Comparative Example A.

Comparative Example A was tested in a manner similar
to Example 1 above, except that since the catalyst was
sulphided-by an in-situ sulphiding method, the catalyst

15 was not unloaded from the reactor following sulphiding.

The results are presented in Table 1 below.

As can be seen in Table 1, a presulphiding method
according to the invention which utilizes an inorganic
polysulphide solution is an effective means for

20 incorporating sulphur into a hydrotreating catalyst
(Example 1).
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ni trogen purogqd dissesg itres/mnute) three hundred millilitre 3NOTER/03130
bottoned flask, using a syringe punp apparatus. The stand on which the
round bottonmed flask was attached was vi brated using an FMC vi brati ng
table, 25 with the anplitude of vibration set so as to create a

SUBSTI TUTE SHEET (RULE 26) WO 97/ 48488 ~ B

PCT/ EP97/ 03130 - 13 - tunbling bed of catallaldlepal |l ets. The resulting bl ack
pellets were then heated fromroomtenperature to 121 [err]C (250 [err]F)

for one hour. The s s 3 s e—fi—H hol-d Y=Y HTTa-

260 [err]C (500 [err]F) and held 5Heat for one hour. The final sul phur

| evel was 9.3% by wei ght g to cat al T ur content ‘of the
catal yst was anal yzed usisﬁig:L cg?p rati ﬁsc- %gléﬁm rfobon- sul phur 2 2
anal yzer. The proBert #es 8burfe cat 8Fyst SaHehunt &ehen TabHydrde| FPST0 HDN
Conpar ative Exanple A The commercial hydrotreating catal yst described in
Exanpl e 1 above was—stbieeted—tothe—fottowng—Trr—srtg—sutphrdrng—

procedure. A sanpl elof the htalyst*¥hs crudted and P%ved th & 0.735 9586
mesh, |oaded into a testigwgdaHiid having a set pressure-of sul phiding gas

(5% H2S/95% H err]) of 1 tq?sphere and a flowrate 45 litres/hour. The
tenperature was then ranp WbmroomtemmrMUreLm to 204 [err]C at 0.5
[err]C per m nute and hekdlphidkat tenperature 20 for two hours. The
tenperature was then increasgd to [err] t a ratge of O. err] er

m nute and hel d at®PRat ten% raturgy or onéﬁﬁgur and t hen cogréd togf%bm 1.0
tenperature. TherBaftdr, Hh8/Hpit was switched to a pure

NM = Not Measured
1l Reported as % of sulphur remaining relative to

Al afala

sulphur loaded onto catalyst
2 Relative to H3S/Hp sulphided catalyst

Example 2
Z-763 Ni-W/Ultrastable Y zeolite based hydrocracking

catalyst, available from Zeoclyst International Inc., was
presulphurized according to the procedure set forth
5 below. |
A 100 gram sample of the above catalyst was hydrated
to equilibrium with air. The hydrated catalyst was then
impregnated with 23.4 millilitres of the above inorganic
polysulphide solution diluted to the water pore volume of
10 38.6 millilitres. This solution was added dropwise to an
agitated bed of catalyst pellets contained in a nitrogen
purged (0.5 litres/minute) three hundred millilitre 3N
round bottomed flask, using a syringe pump apparatus.
The stand on which the round bottomed flask was attached
15 was vibrated using an FMC vibrating table, with the
amplitude of vibration set so as to create a tumbling bed
of catalyst pellets. The resulting black pellets were
then heated from room temperature to 150 °C for one hour.
The catalyst was then ramped to the final hold
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hydr ogen fl% Shebgr 0et rates and pressures established, 25 popppadidenen
hydr ocar bon Teed was i ntroduced. The final sul phur |evel was 8.8% by

wei ght of the total catalyst. The sul phur content of the catal yst was

anal yzed usi ng LECO corporation SC-432 carbon-sul phur anal yzer. The
properties of the catalyst are listed in Tabi® 1 below. 30 - Cat al yst
Testing The catg i def 343 EX@@he he2BO¥Br"aneUnoHrt 0 AfHHtreat a

cat al yt.i cal | y-cracked heav%E?as oil (CCHGD in a trickle-flqw reactqr. A
sanpl e of the cEPRWNT kR TIMRNEYBREREREGed PE d1Ts58BS HEdNe GARRIMFE S th
silicon 35 wagadaerared onilell wateraubtingkhewhtew seagtratedibe. The

- SUBSTI TUTE SHEET ,(RULE 26 7 8
SCT EP67) 03150 MiFsouers Ayzeal ks éﬁgépgg‘ssﬁ?éalystlfab‘lss.bge A% Nba)
with hyd ogen ahaadlleglv imtainffds reacborpdrafding. TRber fivadr sadphren
heated to 93 [eRt a pq—tfp bl Y\ORLPAESEHeOYBE SN : t
liquid hourly s%gyg%;ugéi ve ocify ?%%St gfelé5¥ k%%eéfgﬁﬁ Fﬁ;urghﬁgs
ranped at a rat SudPIs genert jaf kBer capalysfsyapeprpdyasd usdRchdRFQ or
a period of si Xty ARitatiGRBtess»eEsrbbansaobhast afadfdeanal yipd to
determ ne the hydrdogenation, h%/drodenl il’l ficati grj an léggrggﬁségl urj zation
10 act i vi t PESPeEReS hsthfit CahreYREpBrLediftrs i ﬁg e

: SoiigaratberepEeapiasBt ested in a nanner simlar to Exanple
1 above, except that,since hi an i nN-ShtuU, .
sul phi di ng nethod, t £ c%?'%'ﬁ%g?f%%aﬁ%&?%écggbgur‘fggg&g%tf rﬁc?r%%trﬁ'g erdeal or
fol | owi ng sul phEdkampleh abevetwagrsubjestadeso fheafiod lowisgwn-situ

sulphiding procedure.
A sample of the catalyst was loaded into a testing

15 unit having a set pressure of sulphiding gas
(5% H2S/95% H2) of 350 psig (2.4 MPa) and a flow rate set
to give a gas hourly space velocity (GHSV) of 1500 (e.g.,
for 40 millilitres of catalyst, the flow rate is 60
litres/hour). The temperature was then ramped from room
20 temperature up to 150 °C in one-half hour and then from
150 °C to 370 °C over a six hour period. The temperature
was then held at 370 °C for two hours and then lowered to
150 °C. Thereafter, the unit was switched to a pure
hydroéeﬂ flow and target rates and pressures established,
25 and then hydrocarbon feed was introduced. The final
sulphur level was 5.45% by weight of the total catalyst.
The sulphur content of the catalyst was analyzed using
LECO corporation SC-432 carbon-sulphur analyzer.
The properties of the catalyst are listed in Table 2
30 below.
Catalyst Testing
The catalysts sulphided in Example 2 and Comparative
Example B above were used to hydrocrack a hydrotreated
catalytically-cracked light gas oil in a trickle-flow

35 reactor. A sample of the catalyst was crushed and sieved
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As can be seeggdqsadsl € 1, a presul phiding nethod according to RGTEP97/03130

i nvention which utilizes an inorganic pol ysul phide solution is an effective
means for 20 i ncorporating sul phur into a hydrotreating catal yst
(Exanpl e 1). SUBSTI TUTE SHEET (RULE 26) W0 97/ 48488

PCT/ EP97/ 03130 - 15 - Table | Heat Sul phur ~ Tehp™ - w% Sul phur Ex. #
Sour ce [err] Ceo Ul pdugs Raéeh, difjdted whlbh siibNoh carbide and 13dded

9.3 . 90% 0.89 0.72 r | sul

371 8.8 w2 tri"blg g%ﬁ gg%‘zg%xu‘ﬁe %%e%‘zf@"ﬁ'\b‘%“?éaes’%?ed
-1 Reported as % c;fr&dnpheld tendbAPnpgsigl 48Pva4t MPa)| phidh |tuaimgemto The

- catalyst 2 Relati ed [ e .S Ul Gt gty 'i-%;?difg

: N-WU trastabl e %e Yeor ﬁ‘gg aseg‘[.l h%]ragglraagg ;GIL?’Gca?ta%nMis al f‘f rom
Zeol yst |&ternat |c:maalymcalwscﬁaékeﬂpHaghzeaagcedrlduf«ﬁfd FahPIPRIdJOYEr

set forth 5 é}gé%tél 90 geam iaqaha abuihe @;@ﬁ‘é‘% Q}%laid’ﬁywﬁﬁflsv) of
hydrated to equilibrium w i hydr gt ed Gatgly

T
i mpregnat ed with &4 nFhej PY F@geﬁf tPh eg oﬁ‘étllf'?orlé’arﬁ ﬁﬁ%‘iﬂ”ﬁ)h’f‘d‘ée was
sol ution dil uted ¢sp¢ hernaderdpeubivofese pbr barrel (SCF/BBL). The

temperature was ramped at a rate of 22 °C per day for

10 four days and at a rate of 6 °C per day for five days up
to a temperature of 260 °C. The temperature was then
adjusted to obtain a target conversion of 12 wt% of
190+ °C in feed. The results are presented in Table 2

below.
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10 38. Gylohhgdat r €S.

This solution was added dropw se t

;sisyt ed

bed of catalyst pellets contained in a nitrogen purged (0.5 litres/ m nute)
usi ng a syringe punp

three hundred millilitre
apparatus.
was vi brated usi
set so as to cregte a tu
pell ets were then heat ed
catal yst was ther] Bargped
97/ 48488

t enper at ur e, seng
wat er saturated

handled in air f

properties of th
Exanpl e B The co

g an FMZ vi brating tabl €
bl i ng bed of catal yst pellets.
fromroomtenperature to 180 C for one hour
TURE SHEET (RULE 26)
PGH/ EP97/ 03130. -

3N round bottomed fl ask,

19 the§fi nal hol d SUBSTI

)

l and held for one hour.

stream so that the catal
r loading. The final

t are listed in Table 2

The stand on which the round bottoned fl ask was attached 15
Bith the anplitude of vibration

The resul ting bl ack

The
WO
16 -

Afer cooling to room

2

itive catalyst was rehydramed with water using a

st coul d be safely 5

h&r anal yzer.
e

_ S pﬁur
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| evel

ow. - 10

was 7.48% by
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Conmparative
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above was subjectled to tHe following in-situ syl dhi 8 ng procedure. A sanple
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litres/hour). ] erature was then ranped fromroom 20 ATl e .
up to 150 [err‘FgSl"%ﬁ'g%ﬁe-half hour and then from 150 [err]Cto 3 [err 3

over a six hour period. The tenperature was then held at 370 [err]C for two
hours and then lowered to 150 [err]C. Thereafter, the unit was switched to
a pure hydrogen flow and target rates and preskqres establi shed 25

and then hydrocarbon fﬁédc&ﬁsbénéégﬁuiﬁdTabIQezf' R¥le TH1RMUY | nton of a
5.45% by wei ght of the total cat iBﬁ he sul phur content, of the catal yst

was anal yzed usi ngF3ERLYEbr BERSH; l§€d4§§°85fiﬁﬁﬁi§tﬂ anAan. e
properties of the weiehyah anerbaatedpolybalphide3@olutidielimv.utilidedt

above wer 6 used t bORATBEPatY ol APSer AUCHASCRE SR AP E |3 phiof

gas oil in5a tricktleefsobpBir remaisscoor theAcs&taﬂJyestofaftﬂH el hedt ivag

crushed and sieved STI Ri
PCT/"EP97/ 03130 - %é lil;;to Imgdéggggﬁﬁ, gglllél @hé r:%"gﬁ SRS RE the
| oaded into a trickaealystw inaEkampigh@. iPhequdxyalent: Hee ther messured to

1500 psig (10.34 deg0g8Ra1lae R PION
[err] C and a hydr ol\igf%g%\%%gcni §oeata ?Qtl gg‘iiyq?rh\g?l%gj@ﬂ%tea& gchg'lqa feenal

was passed over th’e"‘t%&té\-‘yEFeﬁ’t‘lagllfi&HBdmﬁ FURR/) B lof
6.0. The hydrogen to feed ratio in the reactor tube was 6500 standard cubic
feet per barrel (SCF/ BBL). The tenperature was ranped at a rate of 22
[err] C per day for 10 four days and at a rate of 6 [err]C per day for
five days up to a tenperature of 260 [err]C. The tenperature was then
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adjusted to obtain a target conversion of 12 wt % of 190+ [err%' ' .
The resul ts P88 ecnted in Table 2 bel ow. SUBSTI TUTE SHEET %J’EE”%’%@ -
WD 97/ 48488

Eg; Egg:”"mmﬂ"'mmm"“’ can \l;\le) gglef\fBiAfggsTablrf 2, the sul phur retention of a
o}

cat al yst *présukph?ded according to the inve n, in which an inorganic

pol ysul phide solution is utilized (Exanple 2), is 96% indicating that

essentially all of the sul phur remains myst after the heating

step. In addition, the hydrocracking ac e catalyst in Exanple 2

I's equivalent to that of a hydrocracking catal yst presul phided using a

. conventional in-sit I dbRg '

SUBSTI TUTE SHEE ‘(R&E%%Eégg %Bg?ﬁgggghggﬁﬁbabb%u@Wﬁc@es of a

PCT/ EP97/ 03130 -subphidabge| catplyps gonkaindags &t deaste QRematal ey

porous particl esn@faP 6kigei dahiehcabapbyikesontai ning at | east one netal or

nmet al oxide,'mhi?h coqgﬂ
a) 1mpre

gggting the catalyst with an inorganic
5 polysulphide solution to obtain a sulphur-incorporated

catélyst in which at least a portion of the sulphide or’
sulphur is incorporated in the pores of the catalyst; and
(b) heating the sulphur-incorporated catalyst in the
presence of a non-oxidizing atmosphere.

10 2. A process according to claim 1, wherein the inorganic
polysulphide solution comprises polysulphide ions of
general formula S(x)z‘ where x is an integer having a
value of at least 3. |
3. A process according to claim 1 or claim 2, wherein

15 the inorganic polysulphide solution is prepared by
dissolving elemental sulphur in an aqueous ammonium or
ammonium derivative sulphide solution. _
4. A process according to any one of the preceding
claims, wherein the inorganic polysulphide solution

20 contains an amount of sulphur in the range of from
5 percent by weight to 50 percent by weight, based on the
total weight of the solution.
5. A process according to any one of the preceding
claims wherein, prior to step a), the catalyst containing

25 at least one metal or metal oxide is hydrated to
equilibrium with air.
6. A process according to any one of the preceding
claims, wherein impregnation in step a) is carried out at
a temperature in the range from 0 °C to 60 °C.

30 7. A process according to any one of the preceding
claims, wherein the heating in step b) is carried out at
a temperature in the range from 50 °C to 400 °C.

SUBSTITUTE SHEET (RULE 26}



(a) inpregnat iag oy iRss at am“ m “!%““H!\gani c5 pol ysul pkcigrore3130
solution to obtain a sulp catalyst in which at |east a

portion of the sul phide or *sul phur is incorporated in the pores of the
catal yst; and (b) heating the sulphur |ncorporated catal yst in the presence
of a non-oxidizing atnosphere. . A [@locess according to claim1,

wherei n the inorgani CApﬁﬁ%é@'éj@cémﬁ%)%erbﬁésofokﬁé“hﬂg'c %1 %ns of

general formula S(CX)[er ere x Is an Tnteger” having a val
3. 3. A process aSd@ifshgMhexein rvhe heating, in %%P h is carnterﬂeout m

i nor gani ¢ pol ysul piiedpreddtidedrot sa Qﬁ@@%ﬁﬂdbﬂl bVSQDe@Eéﬂeﬁ:@m %weohur
in an aqueous anmmonl um or amnnl um deri Vatl ve S %g 0| Utl on

process accor di ngﬁe%f%%ﬁlf%&%r%’c%’a?%@“u é?@'ﬁet' hérsﬁ&'ganl c
pol ysul phigle sol uhiediuidd and mﬂarﬁm@sth@redﬁ)unt of suI phur in the range of

fromb5 percent by _weight to [C b base he_t ot al ht
of the solution. 8- ASHPFER cco ZE?% %%V\%%%to %t%*n?dhge %’Xcédpﬁ'gc&sﬁ ??5
wherein, prior tocibdmesd ,in Ay one ytsf thetprecedi’gd claimat | east one

retal of Mot X i JRAIGHETED ST h} B Sbkrnna deBlACESS

according to any oneé the preceding clalns erein | 'on in step
a) is carried out &Fdé Sk ch éZ"?‘PPE'h%e$a¢@fét4¢%h¥9) |12 ?r?@eﬁétegk[ &ithc,
30 Ao A proggas réii el v e @étﬁ‘p@i‘athlih?e PiRCEHE ngrebehvf& ofhegrein

the heating in step carried out. at ratu e range from 50
[err]C to 400 [er P]rész‘éﬁ%‘é*ﬁ Sy hi%ccg%;mg 9@)93?2@
PCT/ EP97/ 03130
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