. convert oxides

WD 97/ 48489 . - PCT/ EP97/ 03155 A
PROCESS FORzRR$nidedd DI NG HYDROCARBON CONVERSI ON CATALYSTS ThpeT/AEpyR3isson
relates to a process for presul phurizing or presul phiding hydrocarbon
conversion catal ysts, presul phurized catalysts and their use in hydrocarbon
conversi on processes. 5 It is well known that it is often
desirable to enploy the step of "presul phiding" or "presul phurizing" of the
metal s form ng part PofPRORESDHNFRR| PRESUBPHERING HYPBOSRARBOY CONVERSIAM(g
and/ or hydroconverting hydrocarbons, either3siofe they are used initially,
10 - I.e., fresh catalysts, or before they are re-used foll ow ng
regenerati on. Hydrocarbon conversion catal ysts, such as hydrotreating,

hydrocracki ng and faph; gaspbeaglibnd etetsicd A HAodlLldoy Subl ected 1 o
such a "presul phiding step”. 15 _ hydrotreating catalyst may be

ﬂeglned as any ?aﬁaﬁykphumup@sgtDaanasuiphgﬂﬂng(hmﬂngﬂﬁrhqncgmaﬂqzelohe
ydr ogenation o r.bon _f !EH rtj ] .

hydr ogenat e part‘f%%?%?gggﬁpgﬁgﬁggiggﬁg%eefe%% si{)sctl[k)é,a %dud:c#%gslés/u'}%%ulr?,

ni trogen- and netydisecanbof0converisdion pgoaregs®s.conpounds and unsat ur at es.

A hydro- cracking c | yst fi Is SGUPO ifio0 Lch
may be er%l oyed to ?‘Ir:gcl)égl gggé gﬁgg’g'or?p%gxqgeﬁ%logf}tnﬁﬂdé%svle m?e%%l%nsg\?%y
attain small er mitecstep wift Mptres ud@hdaliingnto radgine sorl pdfutiyaiirogeno £ ot B&

_ E:ngrpgls) : te ?lcj)lne\?\hi éﬁe{:r%/ls bgg%}tﬁ%sglgéi#o%?gttaeey%g%&gsqc%ﬁo\?ggﬁ g‘?\élgtlf%ﬁxgzar dous
. effluent gas strestslystkefsrhaeffinlingr ahdotcs, gtk amstveparingul arly to
hydrocarbons, either before they are used 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 "presulphiding step”. '

15 A hydrotreating catalyst may be defined as any

| catalyst composition which may be employed to catalyze
the hydrogenation of hydrocarbch feedstocks, and most
particularly to hydrogenate particular components of the
feed stock, such as sulphur-, nitrogen— and metals~-con-

20 taining organo-compounds and unsaturates. A hydro-
cracking 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 particularly to convert oxides
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sul phur to hydrogen sul phi de which can be recovered and readi verted
to el emenW4 '@éﬁ%hur. A reduced catal yst may be defined as%%ﬂ?gﬁgﬁsgst
conposition that contains a netal in the reduced state such as, for 5
exanpl e, an ol efin hydrogenation catal ysta - Such netals are typically

reduced wth a_ e ' , "  C
ci d. The mot afE SALPRSZ P RyRHP RS 5 AL R fon L GETh oy SED
partially redused. réadily conve@ited \tt edemegdial onslghorr hydk ogedracedn
catal ysts are I S . r | ' s Jypically,
t he active phaggl:gfl §|{g %\g%gyt]%eygéﬁlglebcgsa:sd 0 atacelégizf}s%/t %@g’ﬁg&t& a 1% gﬂrl%gp
VI, VIB, |VBgohtBios aBmeftalhd rPdiidiedurss estdte mudi enent®or I n

|l the 1 h N ‘ ' I .
del'ccted from Brempgeriyt Hiuy hyR QR TALA "Rl W faffer
Au supported uswel typdead lguppeticeslioti the alneduningidgedt; su¢h casal fofna
and carbon. Catgl kB cCOMAIANTS Yol ALt DAL £0n chese

hydr ocr acki ng 5 I Ng are we nown and ‘several are

comrer ci al | y aredhakke cavzlals toxinthey daet dfuistys ndduded coe patthialifi s
definition include cgbalt-nolybdenum nickel-tungsten, and

ni ckel - nol ybdeﬁﬁ V§G5ported usual | y on alumna, silica and silica-alum na,
25 10i ncl udi ng zaahiltyst campoeritiond sipr diytbrogeraisidn aratel gst 2| @nent

catal Yot T Be\ITRENR Sl JURSh PUIP S d L AR A fRRLIPLe
Zn, Mo, W Rh, TRpic@lyl,r thed,addiveAqghafe o, tHn,cBplpst aingl Hes80 on
have been di Sclagsiga%% %Lrllié ?n%ltea]f Oorf tghreosuep RHIO.[O,S%?IB, -IVB, 'IIB or IB of
the Periodic Table of the Elements. In general, the
15 hydrogenation catalysts contain at least one element
selected from Pt, Pd, Ru, Ir, Rh, Os, Fe, Co, Ni, Cu, Mo,
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
20 hydrocracking or tail gas treating are well known and
several are commercially available. Metal oxide
catalysts which come within this definition include
cobalt-molybdenum, nickel-tungsten, and nickel-molybdenum
supported usually on alumina, silica and silica-alumina,
25 including zeolite, carriers. Also, other transition
metal element catalysts may be employed for these
purposes. In general, catalysts containing at least one
element selected from Vv, Cr, Mn, Re, Co, Ni, Cu, Zn, Mo,
W, Rh, Ru, Os, Ir, Pd, Pt, Ag, Au, Cd, Sn, Sb, Bi and Te
30 have been disclosed as suitable for these purposes.
For maximum effectiveness these metal oxide catalysts

are converted at least in part to metal sulphides. The

metal oxide catalysts can be sulphided in the reactor by



For maxi mum effecti veness these netal oxide catalysts are converted at

| east - i n ,pakfo h4gied @l sul phides. The netal oxide catal ysts cRCTEPI7/03155
sul phided in the reactor by WO 97/ 48489

PCT/ EP97/ 03155 -3- contact at elevated tenperatures with hydrogen sul phide
or a sul phur-containing oil or feed stock (3i“n-situ"). However, it is
advant ageous to theatassr atto edevains i@MRG X3t uns 5wk deydaeapps sy lphideg

sulphur, as an Sor a sSIBHHE- 'arplhﬁif}r‘gf e All8rgager Sy AL eamound,

I ncor porated therein. se presu urized catalysts can be | oaded into a
react or and brought Hpwevereadit dif @shtiintiagerush thethe edeacetof PRydr ogen

| ne eul el - 10
SR 00,1 o P Ul ALK R AE cooelyatd BIVERGORT B s an

t he netal oxides reby converting hout *an
addi ti onab proceedeseeps dieiimg treedam e s wrganghsulphdrcacmppong,

provi de an econom t pl ?%]'? l;d t
hazards such as %P%ﬁ%&éﬁ%ﬁ%gﬁ%ﬁ%%bi %ﬁe%ﬁ%ﬁéﬁl p ra?]%/ggpgfggtgéyg}g an :
encount ers when bei dgakedr dgdr sulgsdatmr |andiibroudiphi westoorganitdon

pol ysul phi des and/ ar,.qercapt.ans.,t.0 | dle t r met hods
of presul phuri zi ﬁﬁn%trég‘IO?%xil e%chaet ﬁ%/gssfgs}{(g? eééﬁlo‘&%%ﬁr%??gg%{gnghgat al ysts
‘have been 20 suppasl prusudehuyy compeyat dto ngeact piith coypooges antlo a

P o LY=L Bt QNI R, KSR ERBHSIREE, shtbnsons
hydrotreati ng cawakpsutwanly adpbnicond wdqessestehs Soejpageneeddd. Thhise
4,177,136 diSC|Og%25%lgﬁuy¥%ég égéngégg”ﬂggéghéian economic advantage to
the plant operator and avoid many of the hazards such as
flammability and toxicity, which the plant operator
15 encounters when using hydrogen sulphide, liquid
sulphides, organic polysulphides and/or mercaptans to
sulphide the catalysts. .
Several methods of presulphurizing metal oxide
‘catalysts are known. Hydrotreating catalysts have been
20 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
catalyst with organic polysulphides. U.S. patent
25 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. U.S.
patent No. 4,089,930 discloses the pretreatment of a
30 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



catal yst by treating the catalyst with el enmental sul phur. Hydrogen is then

used as a J C] agent to convert the elenental sul phur t . .
sul phi de i‘ngiy’f’ﬁ&gu. S. patent No. 4,089, 930 di scl oses the p(r}gﬁ%gﬂgng% of a

30 catalyst with elenmental sul phur in the presence of hydrogen. U S. |
patent No. 4,943,547 discloses a nmethod-o4 presul phurizing a hydrotreating
catal yst by suhkbafiing @herentlphwttedtal yst anikeupores of téhpecatakygst then
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heating the suPBRYE- EREaMAt IR RIET 5 TehpRYE: iR ethBoRESERR RePEi ng

poi nt of sul phhidirdgehe presenresOf vy di 99ttt idheed akdtyShydsogehi vat ed

wi t h hydrogen. _Publ i shed P ljcatjon No. / | scl oses a 5
met hod of presBPER&F%ﬁqnféinéﬁgkﬁﬁﬁ hﬁ%r%°el%ﬁ%ﬁ?ﬁ$§Z§$pab§cﬁgses a

i ncor popat ed i fe@hpdr OfS prdAalsiuniging 4 heacalgsti WRepe eLbRentent|y
treating the catgl st with a liquid olefinic hydrocarbon. Howeyer tBese
ex-situ presul BHEPRRED T rASARRO TR 11 @ PO %u§u5?3%£¥ﬁtt6n akphPst e

activation stegapel @inled &orﬂxﬂfé_eqﬁé:htwetba@lim?rb@@ &gedl 8t awhydr gcar bon
processing reactor. Therefore, it _is an object of the present invention to

prepare an act t48tdd PFreddRish Y FRCIFPPR esul phi ded 15 catal yst,

either fresh or regewRrEd thdi< estSs St @b Ledlphlir WeENcHOEBy SO hEqHI re
a separate activation treatnment prior to contact with the hydrocarbon feed

in t helPeact or PeTH¥PIRGEd %P & IFRAFRES WEHL Y2 DR e3ERR PRYRRL FBN, 20
there is provi degdtady oGass dHy HyEsotNwbh Zf &&d POK O4Shydrocarbon

processing reactor.
Therefore, it is an object of the present invention
to prepare an activated, presulphurized or presulphided
15 catalyst, either fresh or regenerated, which is stable in
air which does not require a separate activation
treatment prior to contact with the hydrocarbon feed in
the reactor. _
Therefore, in accordance with the present invention,
20 there is provided a process for presulphurizing porous
particles of a sulphidable catalyst containing at least
one metal or metal oxide, which comprises
(a) impregnating the catalyst with an inorganic
polysulphide solution and at least one water-soluble
25 oxygenated hydrocarbon 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; aﬁd
(b) heating the sulphur-incorporated catalyst in the
presence of a non-oxidizing atmosphere.
30 . The present invention further-provides a
presulphurized catalyst obtainable by a process according

to the invention.



particles of a sul phidable catalyst containing at | east one netal or netal
oxi ge; whi clhwoon@s4sses (a) inpregnating the catalyst w th an iFCIWE®90815s5
pol ysul phi de solution and at | east one water-sol uble 25 oxygenat ed
hydr ocarbon to obtain a sul phur-incorporated catalyst in which at |east a
portion of the sul phide or sul phur is incbrgofag ed in the pores of the
catal yst; and (b) he®Si #Fahe s fiphtrsPeebiperbien, chbal erm finbegpndésence

of a_non-oxidiZiFﬁl@k@EﬁMﬁﬂéﬂ ¥ers to polPSuPpR$EBt ibA¥CALLOA,f WRLDer
provi des a presul phurized catal yst obégl nable by a process accor di ng to the
i nventi on. V[g9¢p5948§ormula S(x) where X is an integer greater than

PCT/ EP97/ 03155 - 5. Qgeqsgpﬂ§1gﬂﬂfhggﬁg}fﬁﬁ@{ﬁﬁna %quée5g1"knfégggis
pol ysul phi de" refers to pol ysul phide Tons havihg the general forntlfa™’

S(x) [ err]°wher e Rrpfezabilm &yam ¢ & ¥, taRe more preferabiy Enomgar thasi,ng
a .wvalue of at |eggl 8hed"i afer t0;,9, eferably
from3 to 5, andatﬁe PFno?&ﬁﬁéﬁ teyiﬁéﬁwééﬁ?ag%'th?stgg%tgg E?gﬁeFEfFSSthe
nature of the pok9sthghredurs @f the molysalphide rotetunt ratber whanhtsay

be organic. As uggd BehgitRrildie MBn | i ul ppid lyution”
refers to a 10 sol utiqrr} con?g:{lghng |¥1$€a§ﬁ%ﬂﬁ%€ysu %hﬁﬁ%@.geﬁglﬁ%d
in this specifictiheofiermhé inonganieireyjulphicdetsdlwikioe! syefeasdtdneat al

Subsequerty usedaa Ae, Ptk A I A S L AT T o 16 uded 1
i ncl udes 15 thisabps¥iifd qadrioinal Ibhexialize d'ricral (s) The treetal net a
oxide(s)" includgg; gEY ) -ox L@ Sheled P fH i de {HI4 €% ntaining catalysts
include catalyst precursors that are subsequently used as
actual catalysts. Further, the term "metal(s)" includes
15 metal (s) in partially oxidized form. The term "metal
oxide(s)" includes metal oxide(s} in partially reduced
form. The term "metal sulphide(s)" includes metal
sulphide(s) that are partially sulphided as well as
totally sulphided metals. The above terms include in
20 part other components such as cafbides, borides,
nitrides, oxyhalides, alkoxides and alcoholates.

In one aspect of the present invention, a
presulphidable metal- or metal oxide-containing catalyst
is impregnated with an inorganic polysulphide solution

25 containing at least one water-soluble oxygenated
hydrocarbon to presulphurize the presulphidable metal or
metal oxide catalysts at a temperature and for a time
effective to cause incorporation of the sulphide or
sulphur into the pores of the catalysts. The catalyst is

30 heated following impregnation under non-oxidizing
conditions for a time sufficient to fix the incorporated
sulphide or sulphur onto the catalyst. It is believed

that the incorporation of a water-soluble oxygenated



form The term "netal sul phide(s)" includes netal sul phide(s) that are

partial ly webphigded as well as totally sul phided netals. Thg&&%ﬁg s
i nclude in 20 part other components such as carbi des, borides,

nitrides, oxyhalides, alkoxides and al cohol ates. In one aspect of the
present invention, a presul phidable netalé er nmetal oxide-containing

catal yst is i myegaisthbor tintd tHer Deckgapnd >ﬁ§<ﬁ:ﬁ§hﬁﬂ§h§&éuébﬂ?ﬁtgén aids
contai ni ng. at l.east one water,-so] uble q@&genated ydrocarbon_to
pr esul phuri ze t"ﬁ‘e%sﬁﬂ%tﬁ%%"%t%“t mEefuphtded ataryiystat a

tenperature and forha tddtalafectiome fifed ats thd FEDE POS a § @RI ahBgesul phi de
or sul phur into tgﬁjgﬁgeﬁ of the ca{alysts. The catal yst is 30 - heated

fol | owi ng i npr 8§k &t T Zi FRP TRt DS | Preceraersuthasi ent

to fix Bhe incameondiee!l £uldutuiel Catedl yHE wHEXe tie €6 AYBPhilikd! $orm
believed that the i ncor_por%ltlon Oof a water-sol ubl e oxygenat ed WO
97/ 48489 and not in the oxide form. Since there reEparabive hydr ocar bon

into the inorgaeichinieues Wmhinte SeddONn il idh tdn abd S0@PLLatY 0! the
presul phided catal yst. The catal ysts referred to herein as ™sul phidabl e
metal oxi de caFffOFdeEated 47 4Rl St Wchmaumave thaimetal subphideed as

actual catal yshstWeichplidt diie sodveytdad dordpanshigls | ”'éﬁ@pﬁ%&gﬁléor m
Si nce ige preparative technique of the instant invention can be applied to

regenet 3t ed calgffdt Oxdilecie ¥ thalifq aefanpHieethrie coapabysty
converted to thaiek #ase padtdlidales AGetals @{a\!h&%@fp%ﬁy&éf%" al so
e su

refers to these catal ysts which have part of their nmetals in _ phi ded
state. In a prefer FBdeRBedeFand FRiment mpdgrattioningudgnation with

the inorganic polysulpbide solution containing a
water-soluble oxygenated hydrocarbon, the metal or metal

15 oxide catalyst particles or pellets are hydrated to
equilibrium with air in order to reduce the initial
exotherm. _ |

In carrying out ﬁhe process of the present invention,
porous catalyst particles are contacted and reacted with

20 an inorganic polysulphide solution and at least one
water-soluble oxygenated hydrécarbon under conditions
which cause the sulphide or sulphur compounds to be
incorporated into the pores of the catalyst by
impregnation. The inorganic polysulphide-~incorporated or

25 sulphur compound-incorporated catalysts will be referred
to as "sulphur-incorporated catalysts".

The inorganic polysulphide solution is typically
prepared by dissolving elemental sulphur in an aqueous
ammonium (or ammonium derivative, i.e., tetramethyl

30 ammonium, tetraethyl ammonium, etc.) sulphide solution.
Preferred polysulphides include'inorganic polysulphides
of general formula S(x)2' wherein x is an integer greater

than 2, preferably from 3 to 9 and more preferably from 3



t he i norgani c pol ysul phi de sol ution containing a water-sol ubl e oxygenat ed
hydr ocar hon,wbhe/ugapal or nmetal 15 oxi de catal yst parti clrx/ER9o708isset s
are hydrated to equilibriumw th air in order to reduce the initial
exotherm In carrying out the process of thg present invention, porous

catal yst particles are contacted and reacfed wth,20 »an | nor gani c
pol ysul phi de sol & o &itFat33 eake™ ofbaRALEY - SaBUBI e §Xﬂgenat§d5h drrocar bon

under conditions | T GaUs mibeuses PhhdeesE. sulphur conpounds to be
i ncorporated into e pores of the catalyst by inp gnatlon The inorganic

pol ysul phi de- |ncorporéﬁédﬂﬂr9EP1° P°§MFB%BFl€Sn§66H 1PRcéSpar #Edsolution

catal ysts will bgf gfifldiPth (g AR cOULRPYA '869698§ahe§!oﬁ§t eh¥3hSpo1l2e
i nor gani c_pol ysul phi de solutlon IS t% pi ca prepared by dlssoIV|ng
Ligbke

elenental5su|phu§W¥Ph%¢%a En??é?“&hﬁﬁnpéﬁpééﬁl@a?h@éteﬁ €hain

tetramet hyl 148 . t efm@em&gaﬁmenpamyss&shidauIseﬁhqgo%p'tw on.
Preferred ponsuthldes i ncl ude i norgani ¢ pol ysu es of general fornu a

S(x)[err] mhere|@E£HQ¥Qﬁ1#$nQ£ﬁ# @@eh@EFGQHQHGZthréﬁéﬁéwsy promigles 9

and nore preferabl 4
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S(5)[err], S(6)[@E§Pﬁﬂﬁj&ﬁ@ﬁL#Q%tthé?eEPre$h@flhb?g&ﬁFé1M§Ky§MBpﬁndéed
solutionips a regd;$@ldid a%bd%tfhtﬁed@&fuﬁgl Qe tRE deRgdigs.ca | 4R chain

poly- 5 sul phi de an hter colouring denotes a shorter chain
pol ysul phi de. Themowartgamic wmmpwq@ §pl theohnshantppspared Wéldsed to

i npregnate the C@Eﬂéﬂg JEHJ'EH@Samounts of catalytic metal present in the
catalyst that needs to be converted to the sulphide. For

example, a catalyst containing molybdenum would require
15 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
20 required.

The water—-soluble oxygenated hydrocarbon is
preferably selected from the group consisting of sugars,
polyethylene glycols and mixtures thereof. Suitable

.polyethylene glycols are generalliy those having molecular
25 weights (Mp) in the range of from 200 to 500. Suitable
sugars include monosaccharides, disaccharides and
mixtures thereof. Non-limiting examples of suitable
monosaccharides include glucose, fructose, mannose,
xylose, arabinose, mannitol and sorbitol. Non-limiting
30 examples of suitable disaccharides include lactose,
sucrose, maltose and cellobiose. . In a preferred

embodiment, the water-soluble oxygenated hydrocarbon is a



using a pore volume inpregnation method or by incipient wetness such that
t he pores _of the cat alyst are filled 10 W t hout exceedk, 03\@4 ume
of the caﬂﬁ?ﬁyf °The anounts of sul phur used in the instant process wl |
depend upon the amobunts of catalytic netal present in the catal yst that

needs to be converted to the sul phide. fog exanple, a catal yst containing
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are generally those having nol ecul ar 25 I n the range of

from 200 to SOGhQQFQQﬂﬂe¥%ﬂﬁﬁﬁs§$r&@%d%o%%hbg%cch%}QHEE CAPSSRERALL@BS and
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gl ucose, fructose nnose, xyl ose, arabinose, mannitol and sorbitol

Non-limting 3¢ion ofemwsaﬁlrs%@wrélwmslaﬂmqiae§om’é#eae | #B€ose,
sucrose, maltog 031:23% . phidd §oPﬁ€ISﬁrﬁﬁlf”§QHé£‘EMy hB%e a

wat er - sol ubl e oxyg nated\géProcarbon is a
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sucrose, manni Q) .59 ugpé@f@f%m X iT €8e L RERGOT o £ ThEcRMR YN 8 354, phiphe
typically present in'th
amount of sulphur in the inorganic polysulphide solution
is generally such that the amount of sulphur impregnated
onto the catalyst_particles is typically an amount
15 sufficient to provide for stoichiometric conversion of
the metal components from the oxide form to the sulphide
form and is geherally 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
20 total weight of the sulphurized catalyst.
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,
25 which is an important property of hydrotreating and first
stage hydrocracking catalysts. Thus, the amount of pre-
sulphurizing 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
30 to 1.2 times the stoichiometric amount.
| Fox hydrotreating/hydrocracking and tail gas treating
catalysts containing Group VIB and/or Group VIII metals

the amount of presulphurizing sulphur employed is
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Hi gher concentrations of sul phur can be obtained by increasing the
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percent by melght t we t h leRAWh i Zed
catal.yst. It has been fouﬁgu?ﬁgt t % %%d??lg% onggeégP Eu??? ngg§uf%ﬁur I n

anounts down to abieitt 56 peixedtbyftheefseezthgopeintcofegber dmomgandsul t s

talysts h h t h
in catal ysts having |¥¥§¥§K%§%y%$%€€6§% ﬁhééga&%lrs Ei¥ikyco§§1tlo M€

i's an inportant ﬁ?o ing and stage roct ack i ng
catal ysts. Thus, ifiperegramitons ﬁQOe@ﬂlpheruppﬁg sgmpnmatugsdlﬂ@nt is

i ncor por at,i on int I 0.2 to
1St et he ot Sran A i Ehy By addBhGBL L VAOR, OF ERE 4RRIGEHAeM 0.0 10,
times the st0|chpmhﬂsukphndnnﬁolﬁtwOMydoovoéatlhg/hyupggnéekﬁn@ sl¢mexitlal
gas treating cataﬁgﬁ)s containing Goup VIB and/or Goup VIIlI netals the
anount of presul g sul phur enpl oyed is '

Following impregnation of the catalyst particles with

the inorganic polysulphide solution and at least one

15 water—-soluble oxygenated hydrocarbon, the sulphur-in-
corporated catalyst is subjected to a heat treatment in
the presence of a flowing non-oxidizing gas such as, for
example, nitrogen, carbon dioxide, argon, helium and
mixtures thereof, at a temperature sufficient to drive

20 out most of the residual pore volume water and to fix the
sulphur on the catalyst. The heat treatment of the
sulphur-incorporated catalyst is preferably carried out
using a ramped temperature procedure in which the
sulphur-incorporated catalysts are first heated to a

25 temperature in the range of from 50 °C to 150 °C,
preferably 120 °C, to drive out most of the pore volume
water. The catalysts are then ramped to a final hold
temperature in the range of from 120 °C to 400 °C, and

_ preferably from 230 °C to 350 °C, to fix the incorporated

30 sulphur onto the catalyst. Following this heat

treatment, the catalysts are cooled to room (ambient})

temperature. The resulting catalysts are stable to

handling in air.
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typi call y“;lli/g_;&‘%!ﬁ% by wei ght of the catalyst charged, and p&?&ﬁgﬁ}g#gg .the |,
p &4 ght o

anount of uri zi ng sul phur enployed is 4%to 12% by wel t he
catal yst charged. The sul phur inpregnation step will typically be 5
carried out at a tenperature in the rangedfromO [err]Cto 30 [err]C or
higher, up to 60 [Bh&]fsredttphanitelde e paiesil pHikidd icatid et hyf tdee

freezing point,of the I norganic polysul phide, splution under the specific
conditions of "l'?l'f)?%’@ﬁaf‘mfﬁg%\?vﬁé'r ggsw e atifte ?’fafﬁ“?el?'g A0

fixed prinmarilyy@y¥ofeeatipagi hndyodf Hytrdoridiéitis mdosod Wi deashIgds on to
vol ati |l e conpounds and e| enental sul phyr. Fo|low . ng inpregnati pn of the
cat al yst partiEPRSERFt htPReIRPAGEEN IS Etﬂa}ﬁii R &€ s‘%ﬂr%qtg‘ﬁ’%n - | east
one 155 Wl P r§ 0+ BBt €ngX a7 dlre hybGRIKIGYy dheHill [Jus -tfeating)
corporated catalyst is subject egge 0 a heat treatnent  in {he esence of a
f1 owi ng non- ox¢eR9ihyoRas efeh tRe Cfa&a]é&%nﬂ'l then 11 n di oxi de,

argon, helium apglt JE¥EHr @8 thhar 89idr ctia rbdriRifai Weaddiiddie) afticudrine 20
out nost of the residual pore volune water and to fix theac];ﬂ%{)hu,r on the

catal yst. The heed fPEapReRKtePdede aGhiyRiiah& fhraacat V&R 5

preferably cargy@foQ¥h F%&ag & @Mdteraaer@{éﬂ&ﬁqu@écduﬁa:ﬂ repdi ch the

sul phur-incorporated catal ysts are first heated to a 2 tenperature in

the rake of fRYAFSOafrbPRpCePYs1F@eEstaak- p T idaBiSt WiGhHiag 1% B drive

out nost of thg,pRAELYOhHFEpWRklcul e iy St Al B vedmathd 0cige f i nal
hold tenperature in the range of from 120 [err]C to 400 [err]C and )
[

preferably frowpeudedr ppEivation paniac widh ivdrRgsmasmshatsd 30
sul phur onto theggalalysbr ekQlsi®W Re-ddipHieRid tdAH IR thens@t al ysts

are cooled to room (anbi ent)

necessary for catalysts presulphided according to the

15 present invention because, in the present process, most
of the sulphur has already reacted with the metal orx
metal oxides to form metal sulphides, or alternatively,
the sulphur is fixed in the pores of the catalyst to such
an extent that it does not leave the pores of the

20 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

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

The present process is particulérly suitable for
application to hydrotreating and/or hydrocracking or tail
gas treating catalysts. These catalysts typically

30 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



tenperature. The resulting catalysts are stable to handling in air. WO
97/ 48489. WO 97/48489 PCT/ EP97/ 031 B6TRFPIT/O153,

“presul phurized or presul phided catal yst of the instant invention is then
| oaded into, for exanple, a hydrotreating_ifglgr hydr ocracki ng reactor or

tail gas reactor,_the reagtor_is_heated u rati e.g.,.5 .
hydr ot reati ng and?%rlﬂy§r§Cr§8§Fﬁ @%'téV% d?gﬁfégFﬁﬂg)étoﬁﬂF??an, and
the catal yst is then 4pbedjaRély Cweifactred Mydrdt byt DEAQr HODASLOUS

feedstock, w thout the need.for an ,extended activation of.the catalyst with
hydr ogen pri or tgh%%ﬁ?ﬁﬁ?cg%nghgrcgﬁéﬁy§F§M59$ﬁ5ﬁyﬁifataly5ts ALPLY8bathiR
hydr ocar bonaceousa f gedapoVkB melialle sedie atiexhifixgori andikeyhdermdm byt @nysten and

particular.theory, . it is_believed th t ext activatipon period with
v ogen ghner al L FAEEPlPParos, 2R & (st AL aetat gafdePes, ffon
necessary for catmiykél, peebalphiadedmdcturdsndHerddie siipportedréseslumina.

I nvention because, in the presen I 0CEess, t of the sul phur has already
reacted with the'%%¥%?tb$ené?éFog%§3§§nﬁbQ#a%%qéh¥ér%ﬁﬁ R caralysts

al ter nat ihvel Yy, ; hén Seh pb]ldbwi {job'ﬁxadtijﬁittbvfe lﬁﬁ@.‘z‘oﬁrﬂ&ﬁs Cﬁéelf’éﬂéi: ¢onsiehons
extent that it does not |eave the res Qf the catal yst prior to
bei ng convert ed t%F?h%igﬂFBﬁTﬁgPp?ﬁgeﬁr&&&iglﬂmQ%ﬁ?qﬁQﬁﬁwﬂng }ormelyb-
further auplicablgehontbetauypburi zPhesphorReNti £ alcnatsife i ddedaye Heen
oxy-regenerated. After a conyentional,  ox kgggeneration process,

. an .
oxy-regener at ed cAARYEET may 2BSrsatife 1FurS AR G AR YT eshich
catalyst in the rewews §ebdf aethvab9vender various reactor conditions is

an alumina-supported cobalt-molybdenum catalyst.
The ex-situ presulphurization method of this

15 invention allows the hydrotreating, hydrocracking and/or
tail gas treating reactors to be started up more quickly
by providing for immediate contact with the hydrocarbon
feedstock in the reactor and eliminating the extended
activation step with hydrogen which is necessary for

20 conventional ex-situ presulphurized catalysts.

Thus, the present invention further provides a
process for cdnverting a hydrocarbonaceous feedstock
(i.e., a hydrocarbon conversion process) which comprises
contacting the feedstock with hydrogen at elevated

25 temperature in the presence of a presulphurized.catalyst
according to the invention.

Hydrotreating conditions comprise temperatures in the
range from 100 °C to 425 °C and pressures above 40 atmos-
pheres (4.05 MPa). The total pressure will typically be

30 in the range from 400 to 2500 psig (2.76 to 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



The present process is particularly suitable for application to

hydr ot r eatydngy,, or hydrocracking or tail gas treating cat ﬁ,gy se
catal ysts typically 30 conprise Group VIB and/or Group%/?‘ %‘g;{%es

supported on porous supports such as alumna, silica, silica-alumna and .
zeolites. The materials are well definedin-the art and can be prepared by
t echni ques des200bed tlogroEil,stsiredard ML/ £848%er barrel ("SCF/BBL").
PCT/ EP97/ 03155,,; 1% - a3¥;q$u.§; Pagent No, 4. 530,911 and U.S. Ratent

4,520, 128. Pref BPr E§eRrdhiosts &athd Hht bYPHGRkbe rBeke ng biawig| hgusly

treating catal yphgewvkl)l cedrdyai (1 BHIVOUD: Y Endret fhgeekgshed . 1 ey 48l ybdenum

tungsten and 5 Phg\xture thereof and a Goup VIIl netal selected from
ni ckel , cobalt and ¥PXPHES NG ANLIDIRAE RPRPE PNt FBPe XREYEES| &n the

hydr ot rieat i ng safger thyar coaCG N SIE Y6 tsndvp £8s SHPNs 0988vact i vity under
[ re al um na-supported nickel - mol ybdenum and

various reactof.conditions a

cobal t - nol yb- [i% agmos&%ﬁ&rﬁsca(t‘;a'l%t@a) Pholiphor 2} PEeRE¢Feediblided as a
pronoter. A vetgpithgliaide gas tHeatdriifh CRtcH YAH0 Wb C3o GHOYS1 0?9.?8t%¥i ty
under vari ous %éagéor conditjons is an alum na-supported cobalt-nol ybdenum
catal yst. The €%: 8Pt YPBP esullPFuM QIR RAHOR biPEeFeuas will typioalby

al ows the hyds&tigathBdrahy@d FHAEKHIW T dlo Fp”éig 9gs. &F I ng reactors

to be started up nore_quickly by providing for i'mredi ate contact with the
hydr ocdt bon f eblisPdcHPRM -t h@ﬁeeéwlﬁom éetdrirraeﬁa i khet yxtembleyl be in

activation stephai thnhrdEeasn 100 d 3 RS SAHIdHa ibic f&@@vg?%}i onal
ex-situ presul phurized catalysts. Thus, the present invention further
provi des a arrel ("SCF/BBL"). The feedstock rate will typically
have a liquid hourly space velocity ("LHSV") in the range
from 0.1 to 15. First stage hydrocrackers, which carry
15 out considerable hydrotreating of the feedstock may
operate at higher temperatures than hydrotreaters and at
lower temperatures than second stage hydrocrackers.
The hydrocarbonaceous feedstocks to be hydrotreated
or hydrocracked in'the present process can vary within a
20 wide boiling range. They include lighter fractions such
as kerosine fractions as well as heavier fractions such
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,
25 and syncrudes, optionally originating from tar sands,
shale o0ils, residue upgrading processes or biomass.

Combinations of various hydrocarbon oils may also be

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

the tail gas fed to the reactor will comprise hydrogen.

Standard gaseous hourly space velocities of the tail gas



process for converting a hydrocarbonaceous feedstock (i.e., a hydrocarbon
canversi pn wogr4a39 whi ch conprises contacting the feedstock RCGIERYEISYen
at elevated 25 tenperature in the presence of a presul phurized

catal yst according to the invention. Hydrotreating conditions conprise
tenperatures in the range from 100 [err C1%§A425 [err] C and _pressures above
. 40 atnos- pherestpZopghveRe TAAELU ArPriRsthe fRreet fpPRaPPY &€ 30

~in the range fromp4000t &r2300 M (e 6séPedd]l 23adFatheTBEbHEE0GRRalyst S
partial pressure wl| typically be in the range from 200 to 2200 psig (1.38
to 15.17 MPa). TRBRhPEr &&F PR e i teityPreaFFGapReRE FRACERRge HIGHS

- WO 97/ 48489 unit feed or tail gas can be used to BEALEPBP/ @RLSBubjbet
200 to 10,000 standard cubic feet. per barrel ("SCF/ BBL"). The feedstock

rate willStypi cafeyahasssa | iSHRRLGRANTFL shYEOgen ocRfy FEILMETYy MV e
range fromo0.1 t%réﬁidléﬁdwraa%gﬂgomwftw@ﬁaemarbeeat 8(B8EaL bhe St rike
5 range from 200 [err[C to 500 [err]C and preSsures above 40

at nospheres (4. 086aMbg) in Paanttd Bredaee eh¥idrPdedpically be in the range

from 400 to 3000 psi gnE2iAQdn® izh 4B Mae dJ.b@rm_é&oggntHar EbahoRh@gsuUre
wll typically be in the range from 300 to 2600 p$|g (2.07 to 10 17.93
MPa). The hydrogeampées whichiigre (Bxpehliegd beri Alinetrakhd¥er PHFPPEGEF -t o

10, 000 Si@ndafdaﬁgeg §rbe8br s wggaﬁiécfégﬁ%&igmEeeswﬁqﬁback rate will

typi cally have : ) . ange from
0.1 to 15. First stageinpdggerise Ralyswpkbdeaseutibon forpusecdnsitdér abl e

hydrotreating of ¢,0¢ol,¢A¢S g ARH 3 £ophrbh 0BG aLATRET 20U6AS gLBAR of
hydrotreaters and at
elemental sulphur to a vigorously stirred solution of
ammonium sulphide (100 millilitres, 22 %$wt.}. The
15 elemental sulphur immediately began to dissolve and the
resulting solution became red-orange. The mixture was
stirred until all of the sulphur was dissolved. The
actual sulphur content of the solution was 25.7 %wt, and
the sulphur to sulphide weight ratio in the solution was
20 2.0.
Example 1
Z-763 Ni-W/Ultrastable Y zeolite based hydrocracking
catalyst, available from Zeolyst International Inc., was

presulphurized according to the procedure set forth

25 below. )
A 50 gram sample of the above catalyst was hydrated

to equilibrium with air. 7.5 Grams of sucrose were added -
to the above inorganic poiysulphide solution. The
cétalyst was then impregnated with 13.7 millilitres of

30 the inorganic polysulphide solution diluted to the water
pore volume of 30 millilitres. This solution was added
dropwise to an agitated bed of catalyst pellets contained

in a nitrogen purged {0.5 litres/minute) three hundred



| ower tenperatures than second stage hydrocrackers. The hydrocarbonaceous

f eedst ock ydrotreated or hydrocracked in the presentpdy Rs1sgan
vary wt his‘?{bcab-’@g“g wi de boiling range. They include |ighter ractll ons

such as kerosine fractions as well as heavier fractions such as gas oils,
coker gas oils, vacuumgas oils, deasphalX®&d-oils, |Iong and short residues,
catal ytically efiackied €ye€! 3N ot dsndt et tankyl 6Laskt, ahgtineald s yorianke bh\pas

oils, 25 and syncrudes, optjonally originating fromtar sangds, shale
oil's, residue ARRERTF probiBstkany B%oﬂé%g.}’ é%ﬁbgﬁé‘ﬁ@r%’%&r""ﬁffl%{%sm _
hydr ocar bon oi i sTeyr ©d Si9e bewn£sPt Dyedt edailb19gs ahr eNCMRAb vaadAiPrsable,
~typically operate at 30 .tenperatures in the range frqoqm 200 [err]Cto
400 [err] C and "Hrtht'rhi et L pde s r‘é”{’fﬁ&."?nkﬁﬁ)‘:. S%b&f‘t Q‘(S’ §-’i$’%%l > of
thhe Itai I5 gas feulinﬁtmir{‘@ wf@ctbﬁrca\tlalysarrpéimetby?r ahen reStiartdarg gaseous
ourly space velocjties of the taj a WO 97/ 48489 o
PCT/ EP97/ 03155 Relikets t"ﬁ?f)%g‘%}’?'ﬂ:l!’?%gﬁéofr gMe TPA™ ﬁ&“ﬁpﬁrﬁ&"r’%rﬁ%o@? oC

10,000 hr[err].foihedfe aicuseverne vayslybe wHbj edencahaipest Tcathder si#1 t ed
up in a tail gas treatnent reactor._Clays unit feed or tail gas can bee used

to start up thdkbjtrmperature ot 4268t sC aBgpprdfedCdl AR

required, may beoVideshbyY BeGas WHENSR Bpewaliighg alf ansuhsiteixhi onetric
ratio in order to produce hydrogen. The invention will be described by the

fol | owidfy exanfFa@iwiten afee pFedPivg FPtEPFuSEr &PevEafdlysfedas o

Preparation of 4400 @aih CuPohySUEODI 86rpekEtien AT-4BQr gHHeP@WISsHPhI de
solution for use if t he
analyzer. ' :

Example 2 _
Z-763 Ni-W/Ultrastable Y zeolite based hydrocracking
15 catalyst, available from Zeolyst International Inc., was
presulphurized according to the procedure set forth
below.
A 50 gram sample of the above catalyst was hydrated
to equilibrium with air. 7.5 Grams of sorbitol were
20 added to the above inorganic polysulphide solution. The
catalyst-was then impregnated with 13.7 millilitres of
the inorganic polysulphide solution diluted to the water
pore volume of 30 millilitres. 'This solution was added
dropwise to an agitated bed of catalyst pellets contained
25 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,
with the amplitude of vibration set so as to create a
30 tumbling bed of catalyst pellets. The resulting black
pellets were then heated from room temperature to 205 °C
'for one hour. The catalyst was then ramped to the final
hold temperature of 357 °C and held for one hour. The



foll ow ng exanpl es was prepared by addi ng 20.64 grans of el enental sul phur

to a vigor owsd 974848 r ed sol uti on of anmoni um sul phi de (100 ni PGIVERI7B31SS 20

%w~. ). The 15 el enental sul phur i mredi ately began to dissolve and the

resulting solution becane red-orange. The gRkexture was stirred until all of
r

t he sul phur was dj ssol ved. . The.act uyal ._sul ont ent e | Ut was
25.7 %, and th‘g"%%fpﬁﬁgpp&rs&leﬁ' :.idé"avsveiag‘h %r;tpf o‘?élljhglﬁtﬁeggo}:ﬁ%i g%k\%\gs 20
2.0. Exanple 1 Z=a631¥stW Urheastdiphairy adiernte dfisue hgatatyatkivag

catal yst, avail abl e from Zeql yst _lnternati I N S L d
according to th@?ﬁ&ﬁﬁ@rg%& #‘gr %EOPa@%%?g%&; %X%ch%génﬂsgprgpgﬁgf t he
above catal yst vasalbydeated to equilibriumwth air. 7.5 Gans of sucrose
were added to the above_ i norganic .polysul phide solution. The catal yst was
then i npregnat e&mmmr S ARe S of 30 t he inorganic

pol ysul phi de sol uti ophégi toinmd ricd athé pitcerr gk ing otatel pét 3@estribeit des.
This solution was added dropwi se to an,agit.at bed of cat S el lets
contained in a rﬁ;‘f‘?‘%gﬁ SUP eye( a5 Iﬁﬂjgesqﬁﬁcﬁ&[%)e?ﬁré%lﬁg%gr{éag i l's)

97/ 48489 presulphiding procedure set fort}CTHEREBX4MB1651- abdve
mllilitre 3N round bottoned flask, using a I .nge_,pu apparatus. The
stand on whi ch t%%c?BEthBGtP@hﬁ&qﬁﬁxﬂé%%ﬁgégqeﬁ%éﬂgﬁggnegg?ﬁfgd usi ng an
FMC vi brgg i ng t abbeysud phitlee salpltilonle afhe/iduedlpst sedssalas hgdeaeaide ia

5 tunbl i ng bed of catalyst pellets. ,Tt}}e resu) ting black Eell t%.\gere
then heated frondtboRPferfelNIPFEINAS1R5 it} |'he inorganic polysulphide

solution and the air sensitivg-catalyst was rehydrated

with a water saturated nitrogen stream followihg the

heating step so that the catalyst could be safely handled
15 in air for reactor loading.

Comparative Example B

The commercial hydrocrackiﬂg.catalyst described in
.Example 1 above was subjected to the following in-situ
sulphiding procedure. '

20 A sample of the catalyst was loaded into a testing
unit having a set pressure of sulphiding gas
{5% HpS/95% Hp) 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_

25 60 litres/hour). The temperature was then ramped from
room 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

30 switched to a pure hydrogen flow and target rates and
pfessures established, and then a hydrocarbonaceous feed
was introduced. The final sulphur level was 5.45% by
weight of the total catalyst. The sulphur content of the



for one hour. The catalyst was then ranped to the final hold tenperature

of 260 [ergldomydsgrel d for one hour. The final sul phur |evel )

wei ght of the total 10 catal yst. The sul phur content o t%e cat%ﬁ yst
was anal yzed using LECO corporation SC 432 carbon-sul phur anal yzer. Exanple .
2 Z-763 Ni-WU trastable Y zeolite based Rfdrocracki ng 15 cat al yst,

avai | abl e from gabp}yst| wasr @ualyread luysing WeECQresupphatizeds@eddedi ng to
t he procedure sg% %gﬁt_gu\t%? aﬁ%%% sanpl e of the above catal yst was
a

hydrated to equi rium nms of sorbitol were 20 added
to the above |ﬂ§1§_ﬁhﬂ_p_&l9ﬁéaymﬂ de solution. The catal yst was then

i npregnated with 13K MLkl ﬁe%sgﬁfléﬁeﬁﬁmﬁfgﬂﬁgf%sfl hi d %ﬁh\lﬂ;'son

diluted to the water pore vo Itres
added drdpwi se Comparagjivet Etaped esf A \Btalpeve eWereouSadned 25 in

bot t omed 1 sk FydFaseaek o Hydcaadel R thIVE R Ll e bRt dhobRosas
round bott ormed CDihsan\asta‘thésdI@e(fl\ms redwtaned uSamglasn Eﬁ/&hebcathmgst
oL b o BT MRS L el 0% Lng PBLed, e, ¢ e
heated from rootrriem)erﬁﬂ.awerleacm [tarkrg .C fTh’e mdﬂw tdbe wasal yst was
then rapped to Lhecfhnal 08! dshemRYsY Yio Ha H¥a) SHILS £P9-06LS. T op,Qne
PCT/ EP97/ 03155 redé&torfwaal tbalnphmatle@l/eﬂo vii0 3. 91hdya Wey@hot péatba t ot al
catalytically-cracked light gas oil feed was passed over
the catalyst at a liquid hourly space velocity (LHSV) of
6.0. The hydrogen to feed ratio in the reactor tube was
15 6500 standard cubic feet per barrel (SCF/BBL). The
temperature was ramped at a rate of 22 °C per day for
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
20 190+ °C in feed. The results are presented in Table 1

‘below.



catal yst. The sul phur content of the catal yst was anal yzed usi ng LECO
cor por-at i onwabefggigear bon- sul phur anal yzer. 5 Conpar at i verdEEPYTI08154
The commerci al hydrocracki ng catal yst described in Exanple 1 above was
subjected to essentially the sane presul phjgi_ng procedure set forth in
Exanpl e 1 above except that no sugar was added to the inorganic 10

pol ysul phide sqlution. | The cat @l yst wag al so hyfdrateq in air before
i npregnation wi|jth the ijnorganic|pol ysul ghide solutionjand the gir sensitive
catal yst was re oLPat‘b Rith a y@ter satfyated njdroggn stream#ol | ow ng
~the heating st¢g t he catal yst cqel d be spbel y fhandl ed 15 in
~air for reactorH oadhng Conpar ati ve Exgnpl e B The cormer ci al hydrocrackl ng
catal yst descrilbed in anpl e 1{above wds subj ected td the fol Wi ng
“in-situ sul phiding procedure 2@ A sanpl e of It he catalyst was
| oaded into a festi ng, nit havi pg a set fpressure| of syl phi dung gjas (5%
H2S/ 95% H2) of {350ps§ 2.4 I\/Pi;z and a ggl ow ratg set {to gi Ve aygas hourly
space velocity (G—EV);_, 1500 (eng., foer40 mlljlitrds of cgtdlyst, the
flowrate is 2§ 0 litres/hour). The tenperaturg was t@erﬂrarrped from
room tenperatufe uﬁ 0 {150 [err]C in ong-half hour and then ¢rc§1 150 [err]C
to 370 [err]C ¢ver aBijx hour period. THe tenperfature|was_then deld at 370
[err] C for two Hews—ang—ther—t+pnweret—tg—+56—te+r- ‘her8afen, the unit
was 30 swiit chgd t i pure [fgdrogen jid ow andtarget rdted ghd pressures
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WD 97/ 48489 PCT/ EP97/ 03155 - 16 -
cat al yst V@ﬁp@]‘ zed using LECO corporation SC 432 car bon- spdpepéresiss .
anal yzer. t'a Testing The catal ysts sul phided in Exanples 1 and 2 and
5 Conpar ati ve Exanples A and B above were used to hydrocrack a
hydrotreated catal ytically-cracked light-gag eil in a trickle-flow reactor.

Sanpl es of the catahystapebe @lele e-om tﬁmélpontﬁ@r@aaslﬁgdsl gaded into a
trickle-flow reactor tube. The reactor t ube was ressured to 1500 .

psi g (10.34 MPaBxapphehydr 856n2 wWhich é‘éﬁ:‘f%rpﬁ\%%u%%hdﬁéa\t’éﬂ t 8150 [err]C

and a hydr Otrea{ﬁér&éﬁihyEb@.@‘s'@hﬂﬁ&fé(%i\htgmn g@@n@ainiﬁgdsu@&oaassaa over
the catalyst at a [iquid hourly space vel ocit LHSV) of The hgdrogen

to feed ratio i porhétpdactEFPERE YRy 1have a%%@WE?aﬁHéPHuEuEFEeP &PMper

barrel (?CF/ BBL&harIEEeE‘@EE@.‘E:%t iy W?y%f@é@@@kﬁﬁg aaé@lelﬁie32whibh] grper
day for four days and at a rate of [err] Cq\ger day for five ga%/vs up to a
o

t enperat ure of -'QIBBIPB?F‘] e"e‘Fhéhteer?pfé;rJa‘{’t}Hé s2tf2 aéﬂFEsY'EEIC 86tain a

t ar get conver5| 0% ofs 120 J90 L T st Gk bRede. SERALABRURLS
are presented i Ellég#%e o ARSTY lg‘%‘gﬁ &P fysa1pRede s 1

PCT/ EP97/ 03155 thg,;?abspglcle] of a water-soluble oxygen-containing
hydrocarbon (Comparative Example A), and equivalent to
10 the activity of a catalyst which was presulphided using a
conventional in-situ presulphiding method (Comparative

Example B).



WD 97/ 48489 PCT/ EP97/ 03155 - 18 -
can be seenwbioommiBabl e 1, the catalysts in Exanples 1 and 2 WRETEPRFAG3LSS
presul phided with an inorganic polysul phide iglutlon cont ai ni ng sucrose and
sorbitol, respectively, have adequate sul phur’rétention 5

charact er racking activities which are |nproved over the
activity Lﬂllmmm_!m“ﬁch was presul %an i norgani c

pol ysul phi de Sol'uti®on % n*the absence of ubl e oxygen-cont ai ni ng
hydr ocar bon ( Conparative Exanple A), and equivalent to 10 the activity

of a catal yst which was presul hi ded usi a conven

pr esul phi di ng met hod® (B5REEPS! | 9@ @ﬁﬁﬁﬂ%ﬁhﬁ %V§§$$§%4§8r§kEYes of a
PCT/ EP97/ 03155 - sdPphidablepataiystorcqresiniyrazi bgagorone petcailcles of
a sul phi dabl e catalyst cont ai ni g at Ieast one netal or netal oxide, which

conprises (a) |ﬁ%¢§§ﬁa93ﬁ gernd ISEPXE$%S an i norganic poly- 5

sul phi de sol uti Otlaﬁnﬂmgt.»et;aa%tm@n&nmt&rwp}smlmtobxy@enahedghydcopallben to
.obtain a sulphur-lncorporate cata&y

4] i ch | east _a 5? é on of the
sul phi de or sul pautPhidenSelysiatedn act‘heli%?‘és%‘? YRESEAERIMY and (b)
heating the sul pgygy éﬂsﬁéaohyd¥$déﬁﬁﬂnmﬁoIébt&Enlﬁ sulphﬁEGSQﬂGQpOEa&ed
non- oxi di zi ng atnDsphere . pr.ocess accordln%¥ o cl a%nhé hn the

i nor gani c poIysuF9ﬁ§a¥5§oPHtM&+9ﬁnﬁﬁl¥ﬁﬁﬁixﬁy% bhPdet o oF“gE

formul a S(x)[errguwﬁﬁﬁg % s S ndbrpgtraadd hawi figle dpores of the catalyst; and

(b) heating the sulphur-incorporated catalyst in the

10 presence of a non-oxidizing atmosphere.

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.

15 3. A process according to claim 1l or claim 2, wherein
the inorganic polysulphide solution is prepared by
dissolving elemental sulphur in én agueous ammonium or
ammonium derivative sulphide solution.

4. A process according to any one of claims 1 to 3,

20 wherein the.inorganic polysulphide solution 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

25 claims, wherein the water-soluble oxygenated hydrocarbon .
is selected from the group ¢onsisting of sugars, '
polyethylene glycols and mixtures thereof.

6. A process according to claim 5, wherein the water-

soluble oxygenated hydrocarbon is a sugar selected from



val ue of at |east 3. Jiﬂl““"ﬂ"ﬂ"“ln“mlncess according to claim1 or claim 2,
wherei n t%%ﬁ% ni (1) 1] ution is prepared by ?b%&%"y/?ﬂﬁs ]
el emental "suf phur. i n @ &quéou¥ almohi um or anmoni um derivative sul phi de
solution. 4. A process according to any en@oof clains 1 to 3, 20

wherein the inorganic pol ysul phide solution contains an anmount of sul phur
in the range of from5 percent by weight to 50 percent by weight, based on
the total wei ghheofyrivup swindisimindg. o mousesscharbddspgdteaenhaaieesf, t he
precedi ng 25 cl.ai_ns rein the water-sol ubl e oxygenated hydrocarbon
i's selected frBhfk ﬁ‘éxé:l”d{?ﬁmgghesﬁ%?#hg of sugars, polyethylene glycols and
m xtures theredf. A pAdeessescanainh N tal £imi ) Swhabeini oheheawvess -

sol ubl e oxygenat ed drocarbon is.a sugar_selected from 97/ 4848
ST/ EPo7) 031550 op e SRS d SMALHRSS T RE G FhyLEne 61VES

di sacchari des, hagdngi %t wcdeddleredleight Al OcsSthecpafdgagofo febai @0Y
wherein the wager- éoluble oxygenat ed hydrocarbon is a pol yet hyl ene gl ycol

5 havi ng Sn8P8cul ar wei ght (Mi) in the range of from200 to 500. B. A

process accordgng RO paidtedte afcdibiny eceding ehéi 6, thbepebBedRhigor 1O
step a), the catalyst containing at, | east one netal or netal oxide is

hydrated 10 CSlaiBSaquihaR§ifin BEHPLi FO LR ) ockRe SeE8Ly¥slg to any one
of the precedi genthanThg Weraiasti MMiegnetaDror MmetLD 8xile §ar hiyadaddg at

10 to equilibrium with air.

9. 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.
10. A process according to any one of the preceding

15 claims, wherein the heating in step b) is carried out at
a temperature in the range from 50 °C_to 400 °C.
11. A process according to any one of the preceding
claims, wherein the heating in step b) is carried out in '
the presence of a non-oxidizing gas selected from the

20 group cohsisting of nitrogen, carbon dioxide, argon,
helium and mixtures thereof.
12. A presulphurized catalyst obtainable by a process as
claimed in any one of the preceding claims.
13. A process for converting a hydrocarbonaceous

25 feedstock which comprises contacting the feedstock with
hydrogen at elévated temperature in the presence of a

presulphurized catalyst according to claim 12.



accor di ng._to any one of the precedl ng 15 cl ai ns, V\/nerel nt
in step b) is c &d out at.a te eratureintheraggefromSO
400 [err]C. 11. ocess accBRP R EETHPRANEABPEcedi ng C

on oxL i STERRBTIONAL AePLEA T PSS Infly ﬁmﬁ@@@%ﬁ&%ﬁm ®CT)

car bo 1(59|Imn$@nai3ﬁge Glasskfication iy and i xf ur sz faefrandal PhBicatibn Hﬁrﬂ&tﬂ phur |Wﬂj9‘{[48489

cat al yst mgagyaa7veebl e by a process as cj Alrfed in any one of the precedin
claink. 13. A process for converting ja hyd&RRierstismalFabligation Bate: 24‘?‘@5‘5%??%(34-'2-97)

whi ch{ conpri.ses contacting the feedstock th hydrogen at el evated
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(54) Title: A PROCESS FOR PRESULPHIDING HYDROCARBON CONVERSION CATALYSTS
(57) Abstract '

The invention provides a process for presulphurizing porous particles of a sulphidable catalyst containing at least one metal or metal
oxide, which comprises: (a) impregnating the catalyst with an inorganic polysulphidc solution and at least one water-soluble oxygenated
hydrocarbon 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 (b) heating the sulphur-incorporated catalyst in the presence of a non-oxidizing atmospherc. prcsulphunzed catalysts and
their use in hydrocarbon conversion processes.




