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Thi 5 invention relates to a method of presulfurizing a nmetal oxide catalyst
for use in hydrotreating and/or hydrocracking hydrocarbon feed stocks or in
trealing 5 wg $3702798nt ai ni ng ef fl uent gas streams. A hydr ot r eat PE3/US%4{P4263
is used to catalyze the hydrogenation of hydrqcarbon feedstocks, and nost
particularly.to hydrogenate: partlcular conponents of the feed stock such
as sul fur-, nitrogen- and ny 3 - ) and
unsat urates. A hydr ocr acki ng—¢ [ BSSive and conpl ex
petrol eum derived nol enui§81ﬁ0e9{:QBhd?eiﬂbbetoﬂ| fethed Wt priddilfurizing
concomtant addition of hydrogen to the nolecules. A tail gas catalyst is
used to catal yze tetxbnorideogathlysthdzar dses ief hydewt r@at ity eondy/ do
| ess harnful products,

hydrocracking hydrocarbon feed stocks or in treating

¥

5 éulfur-containing effluent gas streans.

| A hydrbtreaﬁing;catalys; is used to catalyze the
hydrogenation of hydrocarbon feedstocks, and most
particulariy to hydrogénate particular components of the
feed stock, sﬁch as sulfur-, nitrogen- and metals~

10 containing organo-compounds and unsaturates. A
hydrocracking catalyét is used to crack massive and complex
petroleum derived'mélecules to provide smaller molecules
with the cohcomitant addition of hydrogen to the molecules.
A tail gas caﬁ;ly;t.is used to catalyze the conversion of

15 hazardous effluent gas streams tolless,harmful products,
and most ﬁartiéularly to convert oxides of sulfur to

| hydrogen.suifide which can be recovered and readily
converted to elemental sulfur. |
Catalysf ccmpositiops for hydrotreating and/or

20 hydrocracking or tail ga; treating are well known and
several are commercially available. Metal oxide catalysts
which come_within_this definitibn include cobalt-
molybdenum,7ﬁicke1-tungsten, and nickel-molybdenunm,
supported usually on alumina, szlzca and sxl;ca-alumlna,

25 including zgolxte. carriers. Also, transition element
cafalysts may.be emp1oyed for these purposes. Catalysts

comprising at least one element selected from V, Cr, Mn,
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and nost_particularly to convert oxides of sulfur to hydrogen sulfide which =

can be r and readily converted to el enental sulfur. ier062
FeRpEfs Rt il

conposi t hydrotreati ng and/ or 20 hydrocracking or t gas treating
are well known and several are commercially available. Metal oxide

catal ysts which cone within this definit~o@ rnclude cobal t- nol ybdenum

ni ckel -tungsten, and nickel-nol ybdenum supported usually on al um na,

silica and siR§cd M+ naCuzsZnncMadi Wg Rbol Pde, PEar ABer #u,ACSh, SyarfR ¢ on

el enent cat al ysts be enpl oyed _for_these purpqgses. Catal ysts conpri sing
at | east one éﬁ?ﬂ?¥§eméﬁfeEQFPoﬁiﬁFleﬁﬁdNHP sbitable for these

~ purposes. :
For makihum effectiveness the metal oxide catalysts
5 are converted at least in part to metal sulfides. The
metal oxide catalysts can be sulfided in a reactor by
cbntact at elevated temperatures with hydrogen sulfide or a
sulfur-contaihing oil or feed stock. However, it is
advantageous to the user to be supplied with presulfurized
10 catalysts, that is met;l oxide catalysts having sulfur
incorporated therein. These presulfurized catalysts can be
loaded into a reactor and brought up to reaction conditions
in the presence of hydrogen causing the sulfur to react
with hydrogen and the metal oxides thereby converting thenr
15 into sulfides without any additional process steps being
needed. These presulfurized catalysts provide an econcomic
- advantaQe to the plant operator and avoid many of the
hazards such as flammability and toxicity, which are
encountered when using hydrogen sulfide, liquid sulfides,
20 polysulfides and/or mercaptans to sulfide'the catalysts.
'The use of high beoiling oils,:such as vacuum gas
oile, and hYdrocarbon'solvents to:aid the incorporation of
sulfur into a catalyst is described -in US-A-~4,943,547.
Hydrotreating catalysts havg'been presulfurized by
25 incorporating sulfur compounds into the porous catalyst
prior to hydrotreating a hydroéarboh feedstock. For
example, US—A;4.530.917 discloses a method of
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-2- Re, Co, Ni, Cu, Zn, Mo, W Rh, Pd. Pt, Ag, Au, Cd, Sn, Sb, Bi and Te
ve been disclosed as suitable for these purposes. For maxi num

ef f ect iWORKE2MBe netal oxide catalysts are converted at | eR€T/USIHR6263t O

metal sul fides. The metal oxide catalysts can be sulfided in a reactor by

contact at elevated tenperatures with hydrogen sulfide or a -
sul fur-containing oil or feed stock. Howev&®rs it is advantageous to the

user to be suppli wi.th presul furized catalysts; that is netal oxide
catal ysts haB?ﬁﬁ“SgPF&Flﬂﬁcer RYSHAF @ Helng Fatlest Wit ®UGRRAE catal ysts

can be Ioadggoipaglgiagggtor and brought up FQ reaction conditions

US-A-4,117,136 discloses a method of catalyst
Presulfurizing wherein a catalyst is treated with elemental
5 sulfur. Hydrogen is then used as a reducing agent to
convert the elemental sulfur to hydrogen sulfide in situ.
US~-A-4,089,930 discloses the pretreatment of a
catalyst with elemental sulfur in the presehce of hydrogen.
Prior art ex-situ methods of presulfurizing supported

10 metal oxide catalystS'haVe suffered from excessive
stripping of sulfur upon start-up of a hydrotreatihg
reactor in the presence of a hydrocarbon feedstock. As a
result of sulfur stripping, a decrease in catalyst activity
or stability is observed.

15 The present invention provides a method of
presulfurizing porous particles of a sulfidable catalyst
containing at least one metal or metal oxide, which method
comprises |

(a) contacting saig porous catalyst particles with

20 elemental sulfur.at a temperaturg such that s;id elemental
sulfur is incorporated in the pores of said catalyst by
sublimation.and/or melting and at the same time or
subsequently |
| (b) heating said catalyét pafticles in the presence

25 of a liquid olefinic hydrocarbon at a temperature greater
than 150°C.

The method of the invention minimizes sulfur
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I n.the presence of hydrogen causing the sulfur to react with hydrogen and

t he net | thereby converting theminto sulfides W thg¢r/e8Y¥2/06263
édﬂitio#?gg}roggzsss steps bei ng needed. These presul furized cata ?sts

‘provide an econoni c advantage to the pl antg eperator and avoid many of the
hazards such as flammability and toxicity, which are encountered when using
hydrogen sul §tdt¢pplinguiupoduisitates-urp @y allrfe attomaidrinproves atstaDyst
sul fide the catalysts. The use of high boiling oils, such as vacuum gas
oils, and hyactivibyn sThecmethod Firbviddes x @yfim atstablé, sul fur into a
catalyst is described in US-A-4,6943,547. Hydrotreating catal ysts have been
presul furi zepre§ul fuyigedahiydgotmeating msl/iar hydroerackhing uer cbadl yst
prior to hydrotreating a hydrocarbon feedstock. For '

' gas treating catalyst, either fresh or regenerated, that

5 can be started up rapidly.

In the method of the invention porous catalyst
particles are contacted with elemental sulfur under
conditions which causé the sulfur to be incorporated into
the pores of the catalyst by sublimation, by ﬁelting or by

10 a combination of both sublimation and melting. The sulfur-
incorporated catalyst particles are contacted with a liquid
clefin at elevated temperatures for:times sufficieht to
cause the sulfur-incorporated catalyst particles to_havé
enhanced resistance to sulfur stripping during startup in a

15 hydrotreating and/or hydrocracking reactor in the presence
of a hydrocarbon feedstock. When such olefinically treated
presulfurized catalysts are used tc tail gas treating, they
can be started up more rapidly than conventional catalysts.

The mechanism by which the sulfur-incorporated

20 catalyst becomes more resistant to sulfur stripping upon
heating at elevated temperatures in the presence of the
olefin is not known and will be referenced herein as
"reaction" or “reacts" for lack of better terminclogy. 1In
any event, the result of this mechanism can readily be

25 determined without undue experimentation'by measuring the
resistance to sulfur stripping of catalysts subjected to

differing temperature/time treatments with the olefin and

[
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el enent al

hydrogen

US- A- 4,530,917 discloses a nethod of -3- Presulfurizing a
hydr ot rgﬂt):?gmzqg? alyst with organi c polysul fides. US-A-4, 117P0BRISH2408263 s
cata

yst presul furizing wherein a catalyst is treated with

sul fur. Hydrogen is then used asgaJ educing agent to convert the
sul fur to hydrogen sulfide in situ. US-A-4,089,930 discloses the

pretreat ment witKowet €h¥Sblviif shanpebaurity thed Tddistamsete salfur
Prior art ex-situ nethods of presulfurizing supported

10

15

20

25

stripping of the resulting catalysts. Catalysts produced
in accordance with the invention have enhanced resistance
to sulfur stripping. A suitable method for determining
sulfur stripping resistance ié descfibed in Example 1, Part
C below wherein acetone is used as a stripping'agent.

The catalysts referred to herein as "sulfidable metal
oxide(s) catalysts" Qre in fact catalyst precursors, that

is they are used as actual catalysts while in the sulfided

‘form and not ih the oxide form. While reference is made to

metal oxide(s) catalysts, it should be understood that
wﬂile the normal catalyst preparative technigques will
produce metal oxide(é), it is pgssible to utilize special
preparative techniques to produce the catalytic metals in a
reduced form, such as the zero valent state. Since metals
in the zero valent state will be sulfided as well as the
oxides when subjected to sulfiding conditions,_catalysts-
containing such sulfidable metals even in reduced or zero
valent states will be considered for the purposes of this
invention as sulfidable ;etal oxide(s) catalysts. Further,
since the preparative technigque of the invention can be
applied to regenerated catalysts which may have the metal
sulfide not completely conﬁerged'to the oxides, “sulfidable
metal oxide(s) catalysts" also refers to these catalysts
which’h#vé paft of their metals in the sulfided state.

The catalyst is typically presulfurized by one of two
methods. The first method comprises contacting the

—_
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met al oxi de catal ysts have suffered from excessive stripping of sulfur upon
start-up of a hydrotreating reactor in the presence of a hydrocarbon
feedstock. As a result of sulfur stripping, a decrease in catalyst activity
or stabil LWy ohfp9pserved. The present invention provides a nePCMUSH2/06263
pregul furizing porous particles of a sul f ~d&bl e catal yst containing at

sard porous. carafbidehle, PRkRTvaE NiZncRanmartell Pt hr Bt a4 e
ot oot o STETLP' MY Mtk BBRERRIRY ot Yir kb tacag doeatal vt by
pores of said catalyst by sublimation and/or melting and
subsequently heating the sulfur-incorporated éatalyst in
5 the preéence of a liquid olefinic hydrocarbon at a
temperature greater than 150°C. The second method
comprises contacting a sulfidAble metal oxide(s)-containing
catalyst with a mixture of powdered elemental sulfur and a
liquid olefinic hydrobérbon and heating the resultant
10 mixture to a temperature above 150°C. 1In this sec;nd
method the heating rate is sufficiently slow for the sulfur
to be incorporated into the pores of said catalyst by
sublimation and/br'melting before reaching the temperature
at which the olefin reacts to make the sulfur more
15 resistant to stripping.

In fhe preferred embodiment the porous catalyst
particles are first contacted with elemental sulfur at a
temperature such that the sulfur is incorporated into the
catalyst by sublimation and/or melting. While the catalyst

20 particles can be contacted with sﬁlfur in the molten state,
it is preferre& to first mix the catalyst particles with
'-éowdered elemental sulfut and then heat the nixture to
above the temperature at which sublimation of the sulfur
occurs. |
25 Generally the catalyst particles are heated in the
presence of ﬁhe powdered elemental sulfur at a temperature

greater than 80°C. Preferably this first sulfur
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(b) heating said catalyst particles at a tenperature greater than 1500C
I p- the presence of a hydrocarbon which is liquid at said tenperature and

i ch =Y bove |1 0% by wei ght of at |east one hydrocar ast
m@carbgﬁaggdﬁé gnd containing at |east one, ol efinic carbon- Ear on do&%?
bond. The nmethod of the invention nininizeS sul fur -4- stripping upon

Sare, st abl o "pFeShRELRR S HE B0 3% RPLIET ot A of rEeRpRESERRRO R "

: from 90°C to 130°C or higher, say up to the boiling point
of sulfur of about 445°C. The lower temperature limit is
fixed by the sublimation/melting characteristics of sulfur

5 under the specific conditions of imﬁregnation, whereas the

upper temperature limit is fixed primarily by economics,
highe; temperatures being more costly to produce as well as
more difficulﬁ to work-with.

In a pfeferred embodiment the catalyst and sulfur are

10 heated together at a temperature of from 105°C to 125°C.
Typically the catalyst and powdered sulfur are pla;ed in a
vibratory or rotary mixer and heated to the desired

_temperaturé for sufficient time to allow the sulfur to be
incorporated into the pores of the catalyst. Times

15 typically will range from 0.1 to 10 hours or longer.

The amounts of sulfur used will depend upon the
amounts of catalytic'metal present in the catalyst that
needs to bé converted to the sulfide. Typically the amount
of sulfur used is determined on the basis of the |

20 stoichiometric amount of sulfur required to convert all of
the metal in'the'batalyst to the sulfide form. For example
a catalyst contéining_molybdenum would require two moles of
sulfur to convert éach nole of molybdénum to molybdenum
disulfide; with simila: determinations being'made for other

25 metals. On regenerated catalysts, existing sulfur levels
may be factored'inﬁo the éalculations.for the amounts of
elemental sulfur required.

) _\
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gas treating catalyst, either fresh or regenerated, that can be started up
rapidly. In the nethod of the invention porous catalyst particles are

cont act eqvwgﬁ(éﬁbgnent al sul fur under conditions which cause POE/USH27062680
bel i ncorporated into the pores of the catalxst by sublimtion, by nelting
or by a conbination of both sublimtion afid®n€lting. The sul fur-

. ; | . ting. The su o
cl'ovat od tonper at uy &F e FrES ERFPACPARE' Fhechfdilink el pReSMIZ iz ne
catalyst part iyt O RadEoERESNE6N" 8! 3bABEECLAL UL UheS Sl ibrliz 10

startup in a hydrotreating an ydrocracking reactor in the presence of
a hydrocar bon defifirtéasént hegustshig! e&tmg&kéynwsﬂtyedna&mdf urized
ey

catalysts are used to tail gas treating, t
hydrodenitrification activity, which is an important

5 prbperty of hydrotreating and first stage hydrocracking
catalysts. Thus, the amount of presulfurizing sulfur used
for incorporation into the catalyst will typically range
from 0.5 to.1.5 times-the stoichiometric amount, and
preferably from 0.7 to 1.2 times the stoichiometric amount.

10 For hydrotreating/hydrocracking and tail gas treating
catalysts containing Group VIB and/or Group VIII_metals the
amount of sulfur employed is typically 2 to 15%, preferably
6% to 12%, by weight of the catalyst charged. 1It is
preferred not ﬁo add so much sulfur to the catalyst that

15 the pores are completely filled up. By leaving residual
pore volume, the olefin can penetrate the pores and react
therein.

The key step to the invention is to contact the
sulfur impregnated metal catalyst with a liquid olefin at

20 an elevated temperature and for sufficignt time at a
temperature Suéh.that the olefin reacts and provides a
sulfurized catalyst that is more resistant to sulfur
leaching thah one not contacted with an olefin. Typically
the contact temperature is greater than 150°C and typically

25 is from 150°C to 350°C, preferably from 200°C to 325°C.
Contact times will depend on temperatufe and the vapor

pressure of the olefin, higher temperatures and higher
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can be started up nore rapidly than conventional catalysts. The mechani sm
by which the sul fur-i.ncorporated catal yst becones nore resistant to sul fur
st i ppi MO 83R7%%kat i ng at el evated tenperatures in the presdfe/Usp2 ﬂN@53
olefin is not known and will be referenced herein as "reaction" or "reacts"
for lack of better termnology. In any ewery .- the result of this mechanism
can readily be determ ned w thout undue experinentation by neasuring the

resistance t ovapdfupressuppsngequicding wHortebiteaay t anlidéwéran times
tenperature/tine treatments with the olefin and This is the replacenent
sheet will range from 0.1 to 10 hours.

The key property of the olefin is that it must be a
liquid at the elevatgd tenmperature of contact. It is

5 preferred that the olefin ﬁe a higher olefin, i.e. one
having a carbon number greater than six, preferably greater
than eight. The upper carbon number of_usefﬁl olefins is
deﬁermined by the meiting point of the olefin in quesfion.
While waxy olefinic materials having carbon numbers around

10 60 can be used, they are inconvenient since they must be
heated to a higher temperature in order to be converted
into a liquid, although they can be used with a solvent to
put them in liquid form. Olefins with carbon numbers
ranging from 6 to 30, preferabiy from 8 to 25, are found
15 most useful.

The term "olefin" as used herein refers to
hydrocarbon molecules containing at least one carbon-carbon
double bond and will include hydrocarbons containing at
least one carbon-carbon doublé bond in addition to other

20 functional mcie;}es, such as, for example, carboxylate or
halo; provided such additional moieties do not adversely
react with the catalytic metals on the catalyst. The
olefins may be moncolefins or polyolefins, cyclic or
acyclic, linear or branched. Non?limiting examples of

25 monoolefins include decene, undecene, dodecene, tridecene,

| tetradecene, pentadecene, hexadecene, heptadecene,

octadecene, noadecene and eicosene, whether branched,

This Sheet Has Been Rei aced .
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-5- without the olefin and nmeasuring the resistance to sul fur s%hégpln%
t he r esuMQ 9%902788al ysts. Catal ysts produced i n accordance wi P 263

i nvention have enhanced resistance to sul fur stripping. A suitable nethod
for determning sul fur stripping resistancgyis described in Exanple 1, Part
C.bel ow wherei n- acetone is used as a stripping agent. The catalysts
referred to heirear aor "eytlidababphat ok xtdenal odedlipstsSimidam fact
catal yst precursors, that is they are used as actual catalysts while in the
sul fi ded for matREimls|inttikeofodm 66rm Wile reference is made to metal
oxi de(s) catalysts, it should be understood that while the normal catalyst
preparativetﬁ%ﬂwﬂ?ﬁkﬁ;1ﬁ¢IP?#ﬁ@heélnﬁtaPYodeEEQP- i Pollycysddiniadehins

I
utilize spema%d polyolef1ns nay also be used. The readily available

5 compound dicyclopentadiene can be used.

The olefins may also be mixed with non-olefinic
hydrocarbons, such as alkanes or aromatic solvents. 1In
general, the olefin éontent of any olefin-containing
hydrocarbon used in the process of the invention should be

10 above 5%wt., preferably abovello%wt., and most preferably
above 30%wt. Generally, higher olefin contents are used,
say, about 50%wt, and most convenientiy the olefin is used
in the undiluted form. The term "olefinic hydrocarbon" as
used herein refers to a hydrocarbon that contains olefinic

15 molecules with or without the presence of non-olefinic
molecules. It is understood that the olefins may be
provided as olefin precursorg.which are converted to
olefins before or upon reacﬁing the reaction temperature.

The minimum amount of olefin used should be such that

20 upon reaétion at elevated femperature, a catalyst is
obtained that has reduced sulfur leaching properties. The
maximum amount of olefin used is determined primarily by
economiés. In a preferred embodiment the amount of |
olefinic hydrocarbon is.used that will just £fill the pore

25 volume of the sulfur impregnated catalyst or just slightly
less, down to 60 percent, preferably down to 80 percent of

the pore voluﬁe. A preferred target range is from 80 to 95
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preparati.ve techniques to produce the catalytic netals in a reduced form
such as the zero valent state. Since netals in the zero valent state w !l
be sul fwoes/eeyosel | as the oxi des when subjected to sul fidi RETESSRA/06283s,
catal ysts containing such sulfidable nmetals even in reduced or zero val ent
states will be considered for the purpogei of this invention as sulfidable
netal oxide(s) catalysts. Further, since ﬁ

_ e preparative technique of the
i nvention cageh Pla 0 I, C I | a net al
T nor BSREeBROREC e SO <248 o2 sl TunBove it

rted to the oxides, bl e nmetal” oxi de(s)
catal ysts" ataeal@ber %ild HeedusAt Andtss Wbrd EenPenféht Otot Rahalert al s

I'n the sulfided state. The catalyst is typically presulfurized by one of

two methods. The fnrahothlefoeémadinans audrding®xd the present
invention, the catalyst particles are contacted with both

5 the elemental sulfur, preferably powdered, and the olefinic

hydrocarbon simultaneously. According to this method, a
mixture of poﬁdered'e;emental sﬁlfur and olefinic
hydrocarbon sol#ent is first produced. A weight ratio of
clefin to sulfur of from 1:1 to 4:1 is suitablé,.with about

;o 2:1 being a preferred ratio. The mixture may be heated to

| promote homogeneous mixing of the components, particularly
if the olefinic hydrocarbon is not ligquid at ambient
conditions, Toluene or other light weigﬁt hydrocarbon
solvents may be added to decreasé the viscosity of the

15 mixture. Also, increased heat will achieve the same
effect. The mixture is then added to a preweighed catalyst
sarple and mixed. The mixture is then heated to the olefin
reaction temperature of above 150°C. Preferably the
temperature is 150°C to 350°'C and more preferably frém

20 200°C to 325°C. The times are the same as in the preferred
two-step embodiment described above, that is from 0.1 to 10
"hours. During the heating process the sulfur first
impregnates the pores of the catalyst and then the olefin
reacts to form the sulfur leaching resistant catalyst.

25 ‘The presulfurized catalyst of the instant invention
may be converted to a sulfided catalyst by contact with

hydrogen at temperatures greater than'ZOO'C, preferably

: This Sheet Has Been Reﬂlaced
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This is the replacenent sheet sul fidable catalyst with el emental sulfur
a teordatar7®3 such that said el enmental sul fur is incorporREEHUSI2/Q6263

g%res of said catalyst by sublination and/or melting and subsequentl|y

heating the sul fur-incorporated catal yst ;? the presence of a liquid

ol efinic hydrocarbon at a tenperature gredfer than 1506 C. The second

met hod conpr gges Q0BIC g 1| T inglgind : S : 5 'g!gg & t@loyst
with a m'>r<r}toure of pomderedglezlise.sndjent al su féugr?”]i ?Fluf;f%u%dsgﬁ?eﬁm C P
hydrocar bon andalgsati ng the resultant mxture to a tenperature above
150[err]C. In this second

In preferred operation the presulfurized catalyst of

the instant invention is loaded into a hydrotreating and/or
5 hydrocracking reactor or tail gas reactor and hydrogen flow

is started to the reactor and the reactor is heated up to
operating (hydrotreaténg and/or hydrocracking or tail gas
treating) conditions: In the presence of hydrogeh,
activation of the catalyst takes place. That is, the metal

10 oxides and hydrogen react with substantially all of the
sulfur incorporated into the catalyst pores, thus producing
hydrogen sulfide, water ahd metal sulfides. 1In the
hydrotreating and/or hydrocracking process, a hydrocarbon
feedstock flow may be started simultaneously with the .

15 hydrogen or later.

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

20 presulfurized as would féesh cataiyst in the manner set
forth above and specifically in a manner set forth by way
of the following examples.'

The invention is also intendéd,tc encompass a method
for stabilizing (enhancing the resistance to sulfur

25 leaching) a supported metal catalyst containing elemental
sulfur, partiéularly a Group VIB and/or Group VIII metal
catalyst, by contacting said catalyst with an olefinié

i
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nmet hod the heating rate is sufficiently slow for the sulfur to be _
.incorporated into the pores of said catalyst by sublimtion and/or nelting

bef or e wo®aho2793t he tenperature at which the ol efin reacts pernssea/66re3
sul fur nore resistant to stripping. In the preferred enbodi nent the porous

catal yst particles are first contacted with el emental sulfur at a
tenperature such that the sulfur is incgrggrated into the catalyst by
sublimation and/or nelting.. Wile the catal yst particles can be contacted

with sul fur hpdrbearboncatsiadittmpdratudy i €ér tondh fioPex the catal yst
particles with powdered el enental sulfur and then heat the m xture to above
the tenperature atThki presulifurdziog grddessuld ameiciTarly suitable
for application to hydrotreating and/or hydrocracking or
-tail gas treating catalysts. These catalysts typically
5 comprise Group VIB and/or Group VIII metals supported on
porous supports such as alumina, silica or silica-aiumina;
including zeolite. The materials are well defined in the
art and can be prepared by techniques described therein,
such as in US-A-4,530,911 and US-A-4,520,128. Preferred
10 hydrotreating and/or hydrocracking or tail gas treating
catalysts will contain a group VIB metal selected from
molybdenum and/or tungsten and a Group VIII metal selected
from nickei and/or cobalt supported bn alumina. Versatile
hydrotreating and/or hydrocracking catalysts which show
15 good activity under various reactor cbnditions are alumina-
supported nickel-molybdenum and cobalt-molybdenum
catalysts. Phosphorous is sometimes added as a promoter.
A versatile tail gas treating catalyst which shows good
activity under various rééctor conditions is an alumina-
. 20 supported cobalt-molybdenum catalys£@ | |
Hydrotreating catalysts which are specifically
designed for hydrodenitrification opgrations, such as
alumina-supported nickel-molybdenum_catalysts,
presulfurized by the methods described herein have higher
25 initial activities, particularly hydrodenitrification
‘activities, than catalysts sulfided by prior art methods.

This higher initial activity, coupled with ability to avoid

" "This Sheet Has Béen Reﬂlaced'
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Generall talyst particles are heated in the presence red
gment a%’%g:flpgf"‘at a tenperature greater than 80[err]C Prggggg?%?%s :
flrst sul fur This is the replacenent sheet -7 inpregnation step will be
carried out at a tenperature of from 90 L {g A30C or higher, say up to the
‘boiling point of sulfur of about 445[err]C. The |ower tenperature limt is

fixed by the sullfidirg oivi nehé i pgeséacechber hytiregeal saltide, updeviides the
specific conditions of inpregnation, whereas the upper tenperature limt is
Tlxed pr|namﬂq5ﬁgmtxprnsmbﬁurlzed catalysts with a significant
commercial advantage. It allows the hydrotreating and/or
'hydrocracking reactor to get into full operation quicker,
5 and, once at operating conditions, have a higher activity,
allowing the reactor to be operated at either lower
temperature or higher COnversion,' Tail gas treating
reactors can also be started up more guickly.
Thus, the invention also relates to an improved
10 process for starting up a hydrotreating and/or
hydrocracking reactor, which comprises loading the catalyst
presulfurized according to the methods described herein
into the reactor and heating the reactor to operating
conditions in the presence of hydrogen and optionally a
15 hydrocarbon feedstock. The invention also relates to an
improved hydrotreating and/or hydroc:aéking process which
comprises contacting at hydrotreating and/or hydrccracking
conditions a hydrocarbon feedstock and hydrogen with a
catalyst which has been presulfurized according to the
20 methods described hereinuand which has been heated to
hydrotréating‘and/or hydrocracking temperature in the
presence of hydrogen and optionally a hydrocarbon
feedstock.
Hydrotreating conditions comprise temperatures of
25 from 100°C to 425?c, pressures above 46 atmoépheres. The
total pressure ﬁill typically range from 2.8 to 17.? MPa
gauge (400 to 2500 psig). The hydrogen partial pressure

\]

—_—
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hi gher weyesosigdr es being nore costly to produce as well as pgayesorobres! t
to work-with. In a preferred enbodi nent the catalyst and sulfur are heated
together at a tenperature of from 105[err]C to 125[err]C. Typically the
catal yst and powdered sul fur are placed in a vibratory or rotary m xer and
heated to the desired tenperature for sufficient tine to allow the sul fur
to be incorporated into the pores of the datalyst. Tinmes typically wll
range from 0.1 to 10 hours or |longer. The amounts of sulfur used wl|

depend upon tHelakRteably caang9t FECRetal BPedfn@ MRat BaUSR)al (240 (%t

needs to be verted to the sulfide. Typicgally the_anount, of. sul fur used
i s deternine§%&W1ﬁﬁ33%ﬂns?¥ﬁ BYRTRFBNCHPERet REE Hﬁﬁ&nﬁYQPQQﬂ%ﬂur§Q§ﬁnred

to convert ald 3f 1.6 to 80 N1/hr (33.77 to 1688.5 N1 (H,)/1 (oil)).
The feedstock rate will typica;ly have a liguid hourly
space velocity:("LHSV") of from 0.1 to 15.
Hydrotreating conditions comprise temperatures of
5 from 300°C'to_500°Cf.bressures above about 40
atﬁospheres. The total pressure will typically range
from 2.8 to 20.7 MPa géuge (400 to about 3000 psig). The
"hydrogen partial pressure will typically range from 2.1
to 17.9 MPa gauge (300 to 2600 psig). Ihe hydrogen feed
10 rate will typically range from 8 to 80 Nl/hr (168.85 to
1688.5 N1 (H,)/1 (0il)). The feedstock rate will
typically have a ligquid hourly space velocity ("LHSV") of
from 0.1 to 15. First stage hydrocrackers, which carry
out considerable hydrotreating of the feedstock, may
15 operate at high temperatures than hydrotreaters and at
lower temperafures than second stage hydrocrackers.

Tail gas treatment ;eactors typically operate at
teméeratures ranging from 200°C to 400°C and at
atmospheric pressure. About 0.5-5% vol. of the tail gas

20 fed to the reactor will comprise hydrogen. Standard
gaseous hoﬁrly space velocities of the tail gas thréugh
the reactor will range from 500 to 10,000 hr'. There aré
several ways the catalysts can be started up in a tail

gas tréatment reactor. Claus unit feed or tail gas can

25 be used to start
. This Sheet Has Been Replaced
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the netal in the catalyst to the sulfide form For exanple a catal yst
cont ai ni r;g}éﬁpgg-mum woul d require two noles of sulfur to cECRUSIDHERE3
1fél e of nolybdenum to nol ybdenum di sul fide, with simlar determnnations
being made for other netals. On regeneraleglgcatal ysts, existing sulfur

| evel s may be factored into the cal culations for the anobunts of el enental

The. addi (1o o by st Tor s S ebTror | n o aeEere "doun Ba 50 per cont of the
stoi chi onetrireqefredg¢raay besprbvidedcdyalaygas buriney operatihg at a
. substoichiometric ratio in order to produce hydrogen.
The invention will be déscribed by reference to the
5 following Examples. .
A commercial hj&rotreating catalyst having the
properties listed below was used to prepare the sulfurized
10 catalysts.
Table 1: -Catalyst Properties

Nickel 2.6%5wt

Molybdenum 14.3%wt
Phosphorous ' 2.9%wt
15 Support gamma alumina
' Surface Area, mi/g 164
Water Pore Vol., cm'/g 0.44
Size ' 0.13cm (1/20 inch) trilobes
20 A 430 gram sample of the above sample was dried at

370°C for one hour and then cooled to ambient under vacuum.
The sample was then placed in a flask and enough sulfur, in
powdered form, was added to produce a sulfur level of agﬁut
10% by weight. Thé fla;k was provided with a slow nitrogen
25 purge and placed in a heating mantle at 107°C for 1 hour.
During this time pericd the flask was vibrated continually
-to provide mixing of sulfur and catalyst. The final sulfur
level was about 10.5% by weight of the total catalyst. The
water pore volume of the sulfur-impregnated catalyst was

30 de;erﬁined to be about 0.3 ecm’/g.
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hydrodenitrification activity, which is an inportant 5 property of

hydr otweatavggyeand first stage hydrocracking catal ysts. Thug,c—'r{ H0eR63t of
Presul furizing sul fur used for incorporation into the catalyst wll
typically range from0.5 to 1.5 tinmes #hg7s#oi chionetric anmount, and

preferably from0.7 to 1.2 times the stoichionmetric amount. 10 For
hydrotreati ng/ hydpagtaBki oyefdd Reaictden treating catal ysts containing
Goup VIB and/or Group VIII mnetals the anount of sulfur enployed is

“typically 2 to 15Phepsuléuzblippsesndted caiplystyfiran Rart i@ $st

charged. It is preferred not to add so nuch sulfur to fhe catalyst,that 15
the pores a}BPEGHPREEA| With tbe Uﬁ?lqﬂfIh%ﬂﬁ?ﬁf??ﬂﬂ%hkﬂsiﬁé £00¥ﬁhéf t he

olefin can Q?“eéﬁgtEakﬂﬁy%%r%%saT%ﬁ¥§§§aééﬁ”£§éh hydrocarbon

5 sufficient to £ill 90% of the pore volume. The eicosane,
vacuum gas oil ("VGO") and the C,, olefin, being solids or
semi-solids at room temperature, were heated to 40°C before
being appliéd to the.bitalyst. All other hydrocarbons were
éimply added to the catalyst. The catalyst was shaken with

10 the hydrocarbon until the catalyst appeared dry. This took
approximately 10 minutes per'sample.

100 Grams of the hydrocarbon-containing catalyst were
loaded into a quartz reactor tube and placed in a furnace.
The reactér outlet was tubed to a liquid trap, then to a

15 silicone oil-filled container to prevent air back-
diffusion. Nitrogen flow was established to the reactor
inlet at 230 cm® /min, and the catalyst bed was purged of
air for 30 minutes. The nitrogen flow was reduced to 30
em’/min for the during of the heat treatment.

20 The reactér wvas heaféd td 205°C over the course of
one hour and héid there for 3 hours.. After heat treatment
was complete, the reactbf contents were cooled to room
temperature under nitrogen pﬁrge. Thg samples were
analyzed for sulfur content.

25 Part C: Sulfur Leaching Tests

Acetone'éaé used as an extractive solvent for
measuring the ability of the catalysts to resist sulfur

I
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The key step to the invention is to contact the sulfur inpre I
cgtal yst wot9s/@7p3quid olefin at 20 an elevated temeramreggﬁﬁ%%&aﬁ
sifficient tine at a tenperature such that the olefin reacts and provides a
sul furized catalyst that is nore resistant 8 -sul fur | eaching than one not
contacted with an ol efin. The confact tenperature is greater than 15Q0C and
typical ly 25 ileashing -150{@#9’!’9&%)9 FIOopere] @95?%?&’5%91??8?51 $68] &XYtET o
'325[err]C. Contact times wll end on tenp era&ure ang t he v%por pressure
/0y_hydr

of the ol ef i nthangitde Iﬁﬁﬁkﬁﬁﬁth otEent§heran ocrac

feedstocks. Catalysts that are found to be resistant to
sulfur leaching by acetone are also found to be resistant

5 to leaching by hydrocarbon feedstocks and have thus |
acquired ﬁhe benefits of the instant invention. Thus, the
acetone extraction test as described_herein'can'be used by
one skilled in the art to determine if sulfur-léaching
resistant catalysts as defined and claimed herein have been

10 obtained.

| A Soxhlet extractor was used in this test. The
thimble of the extractor was filled with 20 cm® of catalyst
and the flask of the extractor was filled about 3/4 full
(about 600 cm’) with acetone. The extractor was heated to

15 the boiling point of acetone (57°C) and allowed to reflux
for 18 hours. After extraction, the flask was cooled, the
catalyst removed and dried at 40°C for 16 hours. The
extracted catalyst§ were analyzed for sulfur content. The
percent of sulfur retained after extraction is shown in

20 Table 2 below. This percenﬁ of retained sulfur is
calculated as the amount of sulfur on the catalyst after
the extraétion of Part C divided by the sulfur in the
catalyst after the heat treatment of Paft-B times 100%.

Table 2: Sulfur Leaching Results

25 "Reactant"™ Hvdrocarbon Amount of Sulfur After
Extraction |
NEODENE® 10 olefins® 92.2
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vapor pressures requiring shorter tinmes. In general times will range from
0.1 to 10 hours. The key property of the olefinis that it nust be a liquid
al the Wy Hpefhst enperature of contact. It is preferred thapdhesed By Pe
a higher olefin, i.e. one having a carbon nunber greater than six, _
preferably greater than eight. The uppe+ ger&on nunber of useful pleflns
Is. determned by the nelting point of the olefin in question. Wile waxy
ol efini c nmat BrPEEANEavi ng carbon nunbers around 60 canibeeused, they are

i nconveni ent NgbPEREEN S fi@pied to a higher ‘tenpgrgture in order to
be converted |nto g gxdﬁg bl"?"%.hough t hey can be usedngﬁ a solvent to put

themin ||una 14 ¥9|ns w th carbon nunbers rangBﬁngron16 to 30,
preferably fcnnvﬁonorﬂﬁaASER psund 94.3
5 CHEVRON POLYMER 560°% 88.5
DIESEL FUEL ' 77.1
'VACUUM GAS OIL 85.2
NEODENE® 20 OLEFINS® 96.4
EICOSANE . 65.3
20 : '
a) An olefin product manufactured by Shell Chemical Co.

. whose composition is 96%twt. minimum ¢, alpha-monoolefin.
b) An olefin product manufactured by Shell Chemical Co.
whose coméosition is 94%wt. minimum alpha-moﬁoolefin
15 comprising 65%wt. C, alpha-monooclefin and 35%wt. Cy
alpha-monocolefin. ‘
c) A blend of normal C,, and C,, alkanes blended to have

the same C, /C,, ratio as b) above.

4a) An olefin product manufactured by Chevron Chemical
20 Co. which is a tetramer of propylene.
e) An olefin product manufactured by Chevron Chemical

Co. whose composition is C,, - C,, branched
monoclefins.

£) An olefin product manufactured by Shell Chemical Co.

25 whose composition is 94%wt. minimum qﬁ alpha-
monoolefin. '
X : Use u
Brocess -
Six types of catalysts, two comparative and four of
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nost useful. The term"olefin" as used herein refers to hydrocarbon

mol ecul eswg(ygyﬁ:;ggng at | east one carbon-carbon doubl e bond aPOTAUSY2/06263
i*n'cl ude hydrocarbons contai ning at | east one carbon-carbon double bond in
addition to other functional noieties, such 84S~ for exanple, carboxylate or
hal o, provided such additional noieties do %ot adversely react with the

catal ytic net atﬁfzsnih%mf&i,y rel sl %%Msmwm%aﬁnﬁges of

pol yol efins, -cyclic or acyclic, T'inear or branched. Non-limting exanples
of nonool ef i nsthackndentdemas FHAGIE tellappnfot kéd €Rsg Srotess adeThase

pent adecene, hexadecene, heptadecene, octadecene, noadecene and ei cosene,
whet her branchwdrelhis is the replacenent sheet

1) COMP Catalyst - This is a cémparative commercial

5 hydrotreating catalyst listed in Table 1 which has
been sulfided by an industry accepted sulfiding
method using hydrogep and hydrogen sulfide as
described below.

2) A, Catalyst ~ This is a catalyst prepared as

10 described in Example.I with 100% stoichiometric
sulfur and using the normal ¢, /C,, olefin blend
described in Table 2 as one treating hydrodarbon.

3) A, Catalyst - This is a catalyst prepared as
described in Example I with.75% stoichiometric gulfur

15 and using the normal C,/C,, olefin blend described in
Table 2 as the_treating hydrocarbon.

4) A, Catalyst - This is a catalyst prepared as
described in Example I with 50% stoichiometric sulfur
and using the norgal C,./Cy ©lefin blend described in

20 Table 2 as the treating hydrocarbon.

5) COMP,,, 1, Catalyst - This is a comparative catalyst
prepared as described in Example I with 100%
stoichiometric sulfur and using the normal-cC,./C,,
alkane blend described in Table 2 as the treating

25 hydrocarbon. |
6) A, n Catalyst - This is a catalyst prepared as

described in Example I with 100% stoichiometric
| | Jaced



" Date: - - 10 - linear or cyclic, alpha or internal olefin. Simlar
mat er i gy 9zm2tde formof di-, tri- and polyol efins may be WCRIUSI2M6R6YCl i cC
6l efi ns and pol yol efins may al so be used. The readily available 5 conpound
di cycl opent adi ene can be used. The ol e 23 ray al so be mxed with .
non-ol ef i ni c hydrocarbons, such as al kanes or aromatic solvents. The olefin
content of any ol ehilrfuyorirsi mmmm@mmmﬁncgﬁmmmmof t he
i nvention should be above
described in Table 2 as the treating hydrocarbon.
This catalyst is substantially similar to the A,
catalyst except the A, catalyst was a large scale
S preparation and this was a laboratory scale
preparation.
Microreactors were utilized to test the hydrotreating
activity of the catalysts. The catalysts were loaded into
the reactor as follows: 30 cm’ of catalyst (basis
10 compacted bulk density) was divided into 3 aliquots. The
first aliquot contained 2.5 cm® of catalyst and was diluted
10:1 (SiC to catalyst) with 60/80 mesh SiC. The rémaining
two aliquots contained 13.75 cm® of catalyst each and were
diluted 1:1 with 60/80 mesh SiC. These aliquots were
15 1loaded into the reactor tube with the dilute one on top
(the inlet end). |
r : t _Activi
A blend of vacuum gas ©0il and light cycle oil
(VGO/1CO) was used as feedstock and had the following

20 properties:

- §wt Sulfur 1.7

Ppm Nitrogen 1120

Refractive Index 1.5183 (25°C) =
Density 0.9242 (60°F or 15°C)

25

1) Activati
The COMP Catalyst was dried at 400°C for one hour in

.air, cooled in a desiccator and loaded into the reactor.

LTT——
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10 ~ 109t t preferably above 30%v. Generally, high '
wo gﬂﬁ : ?tﬂ? /06263
captents are use say, about 50%w, and nobst conveniently the o g??% 'S

used in the undiluted form The term "ol efinic hydrocarbon" as used herein
refers to a hydrocarbon that contains olefinic 15 nolecules with or

wi t hout the presence of non-olefinic nolecules. It is understood that the
ol efins may be provided as ol efin precurser32which are converted to ol efins
“before or upon reaching the reaction tenperature. The m ni num anmount of

‘ol efin used shdl ¥are swkhidedtinoa fihpow etatbi Bh/Br efec98&¥alt enperature,
a catalyst is gbtained that has reduced sul fur |eaching properties. The
nmaxi num anount ?ﬂ%ﬁ“ﬁ?ﬁYﬁ%ﬂPY%r%%?érﬁ?ﬁéadﬁrFﬁﬁPF@}nEytECEHGnlcs in. a

preferred enb0(¥ rgwfnhge sac g&lé)f

a. ambient to 121°C at 5.6°C/min
5 b. 121°C to 204°C at 0.56°C/min

c. hold at 204°C for 90 min

d. heat from 204°C to 371°C at 1.1°C/min

e. hold at 371°C for 60 min

£. cool reactor and hold aﬁ 149¢°C

10 2) Diesel Actiﬁation

This method Qas used to activate catalysts of this
invention using a diesel refined for cars and trucks and
was as follows:

a. Unit Vas pressurized to 4.8 MPa gauge (700

15 psig) and hydrogen circulation was established at 168.85
N1 (H.)/1 (0il) (8 N1 of hydrogen/hr).
~b. Diesel feed was started to the catalyst bed at
1.5 LHSV and ambient temperature.
c. The reactor Eemperature was raised to 121°C in
20 one hour, then inc:eased to 343°c'a£ 27.8°C/hour.
Temperatures were held at 343°C for 30 minutes.

d. Since the temperature'ramp occurred overnight,
the reactor was_also'cooled overnﬁght at 149°C for feed
switch in the morning.

25 | 3) Gas Actjvatjon
This method was used to activate catalysts of this

invention using first hydrogen, followed by diesel, and

This Sheet Has Been Re
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ol efi ni.c hydrc- ar bonpj.schus figk Hebpikeplabddl just fill the pore 25 volume of the
sulfur | npregnat ed ca slightly less, down to ercent .,

p? ef er O PY3IHEWRB t o 801 Eﬁﬂm\mmm% pore volume. A prefer?@e{sg #6263 ange
is from60 to 95 bore volune. In this manner, the treated
catalyst wll be "dry" and is nore convenient to handle. In another

enbodi nent according to the present invention, the catalyst particles are

contacted with both the elenental sul fur,.preferably powdered, and the
ol efi ni ¢ hydroocarbon sinultaneously. Accoifding to this nmethod, a

simulates the startup of certain commercial
hydrotreaters. This method is as follows:

a. Unit was pressurized to s.l1 MPa gauge k300
psig) and hydrogen circulation was established at 168.85

5 Nl (H;) /1 (oil) ([Nl of hydrogen/hrj.

b. Temperature.was ramped from ambient to 121°C at
27.8°C/hr.
c. Temperature was ramped from 121°C to 204°C in

one hour. Off gas was sampled for H,S during period.
10 d. When 204°C was reached, unit was pressured to
4.8 MPa gauge (700 psig) and held for one hour.
e. Diesel feed (same as in 2) above) was
introduced at 204°C.
f. The temperature Qas ramped to 260°C at
15 27.8°C/hr and the unit cooled to 149°C with diesel feed
continuing overnight.
4) Activity Testing
For activity testing the unit was pressured up to
4.8 MPa gauge (700 psig) and heated to 246°C with a
20 hydrogen gés rate of 168.85 N1 (H,)/1 (oil) (8 Nl of
hyrogen/hr]. The VGO/LCO feed was started to the unit at
1.5 LHSV (41.6 gm/hr). After the feed had wetted the
entire_bed (and product was noted in the separator), the
temperature was raised to 329°C at 22.2°C/hr.
25 . After the reactor was at 329°C, a 12 hour break-in
period was begun. The product from this period was not

analyzed. The run was continued with additional weight



m xture of powdered el emental sul fur and ol efinic hydrocarbon solvent is
figst prd¥REAP27W vei ght ratio of olefin to sulfur of from 1:ACHYSP2/06263
suitable, with about 2:1 being a preferred ratio. The nmixture rmay be heated
to pronote honpbgeneous m xi ng of the conponents, particularly if the

ol efinic hydrocarbon is not liquid at anbient conditions. Tol uene or

ot her light weight hydrocarbon sol vents ga¥ﬁbe added to decrease the

viscosity of the m xture. Also, increased eat will achieve the sane

effect. The mpdrisasSothen ﬁsqu Eﬂdafﬁ(%eg‘????&%‘isc%tfa!éégh AR and

m xed. The mi'xture is then heated to efin reaction tenperature of
above 150[ err Jger fbefwend! Hnémgzésﬁﬂetahuﬁ*obénléwdersﬁ.ﬂl@dfrq 3Fonmthes €

preferably from 200[err]C to 325[err]C. .The times are the sane as in the
preferred values rate constants were calculated for the hydro-
| denitrification ("HDN") reaction and the hydrode~
5 sulfurization ("HDS") reaction. Rate constants provide
an indication of how active the catalyst is, the higher
the rate constant, the faster the reaction process, and
the higher the conversion of sulfur and nitrogen at a
given space velocity (feed rate). For HDN the reaction

10 order is 1.0 and the k value is calculated by the

eguation:

k = (space velocity)*ln{ conc. of N in reed }

conc. of N in product

For HDS the reactibn is not first order and many values
are used, but 1.7 is the value most used and is used

herein to calculate as follows:

R = {space veloci tg} { 3 _ 1 }
1.7-2 {conc. of § in product)®?’ - (conc. of S in feed)®”

1S The relative rate constants are provided in Table 3.
They have been normalized against the values of the third

wéight period for the COMP Catalyst.

- This Sheet Has Been Replaced
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t wo- st ep enbodi nent descri bed above, that is fromO0.1 to 10 hours. During
t he heawos/prmgess the sul fur first inpregnates the pores BCT{UE92/Q6263yst
ahd then the olefin reacts to formthe sul fur |eaching resistant catal yst.
The presul furized catalyst of the instant invention nmay be converted to a
sul fided catal yst by contact with hydrogepgsat tenperatures greater than
200[err] C, preferably - 12 - from200[err]Cto 425[err]C. Tines can run
fromO0.5 hours to Table 3:ds)yort! Fepmehatisd typ@extison t he presulfur|zed
cat al yst of

Weight Period HDS Rel. HDN Rel.

Catalyst Activation

{12 hrs each) K Value K Value

5 coMP 1) Standard 3rd 1.00 1.00
Ay 3) Gas 3rd 1.01 1.19
| 4th 1.01 1.15
5th 0.98 1.09
10 6th 1.00 1.12
Ay 2) Diesel 3rad 0.98 1.17
- 4th 0.98 1.17
Sth 0.97 1.11
15 6th 1.00 1.13
7th 0.99 1.11
A 2) Diesel 3rd 1.04 1.23
4th 1.04 1.22
20 5th 1.05 1.22
6th 1.05 1.22
Agp 2) Diesel 3rd 0.92 1.13
4th 0.90 1.10 .
25 5th 0.90 1.08
COMP,, ;s 2) Diesel 3rd 0.76 1.07
ath 0.76 1.05
Sth 0.74 1.03
30 6th 0.72 0.87
Acii e 2) Diesel ard 0.93 1.18
ath 0.91 1.16
5th 0.91 1.14
35 6th 0.92 1.16

As can be seen from the above table ﬁhe catalysts of
this invention show a clear advantage over a traditional
hydrotreating catalyst with regafd to hydrodenitrification

40 activity.

Part B: ctiv ests

COMP Catalyst and A, Catalyst were used in long term
tests to measure HDN activity.

The feed used was an-Alaskah north slope diesel with

.
—_—
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the instant invention is |oaded into a hydrotreating and/or hydrocracking
react or. ogyc 93/p283s reactor and hydrogen flowis started to tperyessi/es2eand
.the reactor is heated up to operating (hydrotreating and/ or hydrocracking
or tail gas treating) conditions. In the presence of hydrogen, activation
of the catalyst takes place. That is, the nmetal oxides and hydrogen react
with substantially all of the sulfur incorporated into the catal yst pores,
t hus produci ng hydrogen sul fide, water and 2&tal sulfides. In the
hydrotreati ng and/ or hydrocracking grocess a hydrocarbon feedstock flow

may be started Henfi? yPVWPﬂr k€Shydrogen or later. The process of
the present invention is ngége g&icggle to the sul furizing of spent

catal ysts which have
269 ppm Nitrogen

31.1 API Gravity
5 13.29 %wt Aromatics
One hundred cc of catalyst was used in the microreactor
with 1:1 dilution with 60/80 mesh.sié.
. The operating conditions were as follows:
4.1 MPa gauge (600 psig)
10 168.85 N1 (H,)/1 (oil) [35.6 N1 of hydrogen/hr)
2.0 space velocity
90% desulfurization .
The Ay Catalyst was activated by pressuring the
reactor to 600 psig with hydrogen. Hydrogen flow was
15 started at 168.85 nl (H,;)/1 (0il) and diesel feed brought
in at 1.5 LHSV and ambient temperaturé. The reactor temp-
érature was raised to 121°C at 1.7°C/min, then increased
to 343°C at 0.56°C/min. 'The reactor was then cooled to
the estimated start-of-run temperature of 302°C.
20 The COMP éatalyst was activated using the following:
a. 120 Nl/hr of a 95% H,/5% H,S mixture
b. Ramp temperature from ambient to 204°C at
0.56°C/min
c. Hold at 204°C for two hours
25 d; Ramp to 316°C at O. 55°c1m1n and hold for one
hour '

e. Ramp to 371°C at 0.55°C/min and hold for two
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been oxy-regenerated. After a conventional oxy- regeneration
OXy-Teg P302PX: at al yst may be presul furized as woul d fresircglrég'gﬁ%zﬁi

the manner set forth above and specifically in a manner set forth by way of
the followi ng exanples. The invention is also intended to enconpass a
met hod. f or stabilizing (enhanci ng the r&sfdt &nce to sul fur | eaching) a

supported atalyst containing elenental sulfur, particularly a G oup
VI B and/ or oup VIII nmetal catalyst; by contacting said catalyst with an-
O!ef'”'¢ - 13 -g, Cool to 302°C for feed introduction

The operating procedure was as follows: At 302°C the
feed rate was increased to 2.0 LHSV and a reactor |
5 temperature profile was taken and weight periods were
started when ﬁhe profile was flat and at target. The
reactor lined out aftg; about 190 hours with the reactor
temperature being adjusted for 100 ppm sulfur in the
product. This temperature was held for the remainder of
10 the run. Sulfur and nitrogen were analyzed by a combusticn
technique. Sulfur detector was UV fluorescence and
" nitrogen detector was chemiluminescence.
The results of ihese rﬁns are shown in Tables 4 and 5
and are reported as YHDN and %HDS which is the difference
15 in N and § in fhe product and feed over the N and S-in the
feed, expressed'as a §ercentage.

TABLE 4: A,, Catalyst

Run ..
20 Hrs. Deg. C 3HDN SHDS
151 ~ 33 55.0 90.5
216 11 53.2 90.3
271 ' 329 89.9
25 287 330 52.0 90.3
311 330 ~ 52.4 90.1
335 _ 330 52.4 . 89.7
359 - 330 52.4 89.7

30
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hydrocarbon at a tenperature greater than 150[err]C. The presulfuriﬂlgg
prﬁcessvﬂs9nﬂnvt$ularly suitable for application to hydrotr EVH§IHE?
hydrocracking or tail gas treating catalysts. These catalysts typically
conprise Group VIB and/or Goup VIII netals supported on porous supports
such as alumina, silica or silica-alum ra,28 el uding zeolite. The materials
are well defined in the art and can be prepared by techni ques described
therein, such as in US-A-4,530,911 and US-A-4, 520, 128. Preferred
hydrotreati ng and/ or hydrocr ackTABLEr 5t ai COYRSCATARNBRg catal ysts wil |
contain a group VIB netal selected from nol ybdenum and/ or tungsten and a

Group VI1I netal sd@tted fromnickel and/or cobalt supported on al unina.
Versati | ehydr ot r edtiSvg and/ or RESk-der acki ARt al yst s MREh show
190 329 50.2 90.5
214 329 49.8 90.5
268 329 49.8 90.5
10 286 : 330 49.4 90.5
310 330 49.1 90.3
324 329 49,1 90.3
348 330 48.3 90.6

15 As can be seen from the above, the catalyst produced in
accordance with the invention retains an improved HDN

activity even over a long test term.

i
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good agf v t@ﬁgder various reactor conditions are al um na- pg4pReds/66263
ni ckel - 95 m and cobal t - nol ybdenum cat al yst s. Phosphorous IS sonetinmes

added as a promoter. A versatile tail gas_treating caf'al'yst whi ch shows
good activity under various reactor corti4¥ons is an
cobal t - rol ybdenum cat al yst. Hydrotreati ng cat al ysts 'V\ﬁmm mﬂumumnmal ly
desi gned for hydrodenltrlflcatlon oper 2 such as &l ufr rta- Supported
nave i ghet Anitid BEYHGR pEs ,@gg\;@gggﬁggpgygggggggtﬁggg@g{[aoig%ﬂ nerei
eV o R VaLra Yk Bt o5 WA me g1 Sy
sheet ‘oxide, which method comprises
| 5 | (a) contacting said porous catalyst particles with
elemental sulfur at a temperature such that said elemental
-;ulfur is incorporated in the pores of said catalyst by
sublimation and/or melting and at the same time or
subsequently
10 (b) heating said catalyst particles in the presence
of a liquid olefinic hydrocarbon at a temperature greater
than 150°C.
2. A method according to claim 1 wherein the catalyst
contains at least one oxide of a metal from Group VIB aod
15 Group VIII of the Periodic Table. |
3. A method according to claim 1 wherein powdered sulfur
is used in step (a).
4. A method according to claim 1, 2 or 3 wherein step
(a) is carried out before‘gtep (b) at a temperature of from
20 90°C té i130°C.
5. A method according to claim 1, 2 or 3 wherein the
amount of sulfur used in step (a) is from 0.7 to 1.2 times
the stoichiometric amount required to convert the metal or
metal oxides to sulfides.
25 6. A method according to claim 1, 2 or 3 wherein step

(b) is carried out subsequent to step (a) at a temperature

of from 200°C to 325°C.

his Sheet Has Been Reﬂlaoed

il IIII Il




hd

- 14 - Sulfiding in th ogen sul fide, provide i nst ant
p{gsul f ur W@A3HRTA yst s "EﬂmllﬂglmWnt commer ci al advant a}éﬁﬁﬁ9%%€%s
t he hydrotreating and/ or* racr acks ngs eactor to get into full operation
. quicker, and, once at operating conditions, fhgve a higher activity,

allowing the reactor to be operated at elther Iomer tenperature or higher
conversion. Tai$y,gas Argath8d aeaer@ihgC2d d132mPq,Shaidred Whed¥ih @nekly.

Thus, the invention also relates to an”i nproved process for starting up a
hydrotreating agdtation of step (a) and/or step (b) is from 0.1 to 10
hours.
8. A method according to'claim 1, 2 or 3 wherein the
5 olefinic hydrocarbon contains olefins having from 6 to 30
.carbon atons.
9. A method according to claim 8 wherein the olefinic
hydrocarbon contains olefins having from 8 to 25 carbon
atoms.

10 1o0. A method for stabilizing a supported Group VIB and/or
Group VIIX métal catalyst containing elemental sulfur which
comprises conticting said catalyét with an olefinic
hydrocarbon at a temperature greaﬁer than 150°C.

11. A method according to claim 1 which comprises the

15 further step of heating the catalyst to a temperature of
from 200°'C to 425°C in the presence of hydrogen to cause
the sulfur to react with the metal oxides to produce metal
sulfides and thereby provide a catalyst suitable for
hydrotreating and/or hydrocracking 2 hydrocarbon stream or

20 tail gas treating a sulfur-contazning gas stream.

12. A method according to claim 11 wherein heat in the
pregence of hydrogen is carried out at ieast in part in the
presence of a hydrocarbon to provide a catalyst for
hydrotreating and/or hydrocracking a hydrocarbon stream.

25 13. A method according to claim 11 which comprises the
further step‘of hydrotreating and/or hydrocracking

hydrocarbon streams or tail gas treating sulfur-containing

This Sheet Has Been Reﬂlaced
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Ty oCagl Rfa“ !l!!tﬁwwﬂﬂmumefg ninto the react X?tswgffﬁﬁaffﬂe

=reactor to operating condi tions®in*t he presence of hydrogen and optionally
a hydr oc galsos tirestind QsK. coribectingnicnen stlreanise|ia ahd qpresenpeocved
hydrotreati ng and/ or hydrocracki ng process which conprises contacting at
hydr ot r e ayidrepgend Mot yeliechpdkbtyeatiisigt iamdy cr hydirsemrackingedst ock and
hydrogen with a catal yst which has been presul furized according to the
met hods #eddr gl YreatingndatAlysthas been heated to hydrotreating and/ or
hydr ocracking tenperature in the presence of hydrogen and optionally a

hydr ocar Bén f eddPedhod erordingi hg €dadrt 1oRS ddmwhich t@PPRY 288Fes of
5 the further step of loading the catalyst into a

hydrotreating and/or hydrocracking or tail gas treating
reactor and heating the reactor up to a hydrotreating
and/or hydrocracking or tail gas treating temperature of

from 100° to 425°C in the presence of hydrogen.

o
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from100[err]C to 425[err]C, pressures above 40 at nospheres.

\\pressure will typically range from2.8 to 17.2 MPa gauge (400 to 2500
psig). The hydrogen partial pressure This is the replacenent sheet

- wll typically range from1.4 to 15.2 MPa gauge) (200 to 2200 psigQ).
h&ﬁrogen feed rate will typically range from1l.6 to 80 N1/hr (33.77 to
1688.5 NI (H2)/1 (oil)). The feedstock rate will typically have a liquid

The t ot al

15
The

hourly space velocity ("“tLHSV') of froﬂb&zﬁa&& 15. Hydrotreating conditions

conprise tenperatures of

A _METHOD OF PRESULFURIZING A CATALYST

The invention relates to an improved method of

presulfurizing a sulfidable metal or metal oxide-containing

5 catalyst which minimizes sulfur stripping upon start-up of
a reactor and improves catalyst activity. The method

comprises contacting porous particles of the sulfidable

catalyst with elemental sulfur at a temperature such that

said elemental sulfur is incorporated in the pores of said

10 catalyst by sublimatibn and/or melting and at the same time

or subsequently heating the catalyst particles in the

presence of a liquid olefinic hydrocarbon at a temperature

greater than 150°C.
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Yot485-7
fron1300[errh@smgaﬂﬁgbgﬁmhﬁmmpressures above about 40 atnospheres. Mg
total pressur y range from2.8 to 20.7 MPa gauge (400 to
about 3000 pﬁﬂﬂlj M MMW partial pressure will typically range from
2.fto 17.9 0 2600 psig). Jhe hydrogen feed rate will
typically range from8 to 80 N/hr (168 85°to 1688.5 N ([err])/l (al)).
The feedstock rate will § : 2 Shbive TRRU Rl Ve asa elocity
-("LHSV‘) of fromO0.1 to age ' T cn carry out

consi derabl e hydroﬁﬂ%ﬁé'ﬂﬁv?ﬁtigﬂ fEQdEEQC%o sa&eem%eah& Predfiffurizin
tenperatures than hydrotreaters and at |ower tenperatures”than second stage

hydrocracker sa métadl d8RidecehiBNystegokrouse! AP MY dr6taRALIINRy And/or
tenmperatures ranging. from200[err]C to 400[err] C and at

hydrocrack;ng hydrocarbon feed stocks or in treating

éulfur-containing effluent gas streans.

A hydfotreating catalyst.is used to catalyze the
hfdrggenation of hydrocarbon feedstocks, and most
pirticularlﬁ to hydrogénate particuiar componénts of the
'féed stock, suéh as suifur-, nitrogen- and metals-
containing orgaho-compounds ané unsaturates. A
hydrocracking:catalyst iéhused to crack massiye and complex
petroleum derived molecules to provide smaller molecﬁles
with the_concbmitant addition of hydrogen to the molecules.

" A tail gas catalyst is Qsed to catalyze the conversion of
hazardous effluent gas streams to less harmful p:oducts,'
and most particularly to convert oxides of sulfur to
hydrogen suifide which can be recovered and readi}y
converted to.elemental sulfur. '

Catalyst ;ompositiops for hydrotreating and/or
Ahydrocracking or iail gaé’treating are well known and
several are cpmmgrcia11y available. Metal ﬁxide catalysts
which come within this definition include cobalt-
molybdenum, nickel-tungsten, and nickel-molybdenun,
supported usually on aluminﬁ, silica and silica-alumina,
ﬂincluding zeolite, carriers. Alsc, transition element

éitalysts mayjbe employed for these purposes. Cataiysts

;omprising'at least'one element selected from V, Cr, Mn,
REPLACt‘vﬁENT S‘{EF""S SG '
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‘atnospheric pressure. About 0.5-5%vol. of the tail gas fed to the reactor
w Il conprise hydrogen. Standard gaseous hourly space velocities of the
tai L gas through the reactor will range from500 to 10,000 hr[err]. There
are several ways the catal ysts can be started up in-a tail gas treatnent
reactor. Claus unit feed or tail gas eark be used to start - 16 - up the
subj ect catal ysts. Suppl enental hydrogen, as required, may be provided by a
gas burnerRepefati Ng ,aCua ZmbhsMui,cW,oRdty iRy Rt 0 Agy AulerCdp PnodEbe
hydrogen. Bi and Te have been disclosed as suitable for these
purposes. s
For maximunm effectiveness the nétai oxide catalysts
are converted at least in part to metal sulfides. The
metal oxide catalysts can be sulfided'in a reactor by
contact at elevated temperatures with hydrogen sulfide or a
sulfur-containing oilfér feed stock.':aowever; it is
advantageous to the user to be supplied with presulfurized
;atg{ysts, that is metal oxide catalfsts having sulfur
incorporated therein. These preSuifufized catalysts can be
loaded into a reactor and bréught up'to reaction conditions
in the presence of hydrogen causing'thé sulfur to react
with hydrégen and the metal oxides thereby converting then
into.sulfides without any additional process steps being
needed. These presulfurized catalySts.provide an economic
advantage to the plant operator and avoid many of the
hazards such as flammability and toxicity, which are
encountered when using hydrogen sulfide, liquid sulfides,
polysulfides and/or mercaptans to sulfide the catalysts.
The use of high boiling oils, éuch as Qacuum gas
©ils, and hydrocarbon solvents to aid the inéorporation of
sulfur into a catalyst is described in US-A-4,943,547.
Hydrbtreating catalysts have béen presulfuriied by
incorporating sulfur compounds into_ihe porous catalyst

prior to hydrotreating a hydrocarbon feedstock. For

 example, US-A-4,530,917 discloses a method of

“This is the replacement sheet
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The invention will be described by reference to the foH-ow.ng Exanpl es.

Exanple |: Presul furization Method Part A: Sul fur inpre natlon A conmmer ci'al
hydrotreating catal yst having the properties |isted bel a3 Bextl Rleflaced
prepare the sul furized catalysts. Table 1: Catalyst Pro

2. 69t Mol ybdenum 14. 3% Pho

2. 9%\ Support ' ' gamyre. al um na Surface Area

164 Water Pore Vol., cnjerr]/g . 0.44

presulfurizing a hydrotreating catalyst with organic
polysulfides. | ‘

US-A-4,115,136 discloses a method of catalyst
presulfurizing wherein a catalyst is treated with elemental
sulfur. Hydroéenfis then used as a reducing agent to
convert the elemental sulfur to hydrogen sulfids in situ.

US-A-4,085,930 discloses the pretreatment of a
catalyst with-elementai sulfur in the presence of hydrogen.

Prior a*t ex-situ methods of presulfurizing supported
metal oxide catalysts have suffered from excessive
stripping of sulfur upon start-up of a hydrotreating
reactor in the presence of a hydrocarbon feedstock. As a2
result of sulfur.stripéing, a decrease in catalyst activity
or stability is observed. | .

The present invention provides a method of
presulfurizing porous particles of a sulfidable catalyst
containing at least one metal or metal oxide, which method
conprises

(a) contacting said porous catalyst particles with
elemental sulfur at a temperature such that said elemental
sulfur is incorpcratéd in the pores of said catalyst by
sublimatien and/sr meiting and at the same time or
subseguently | _

(B) heatiné said catalyst particles in the presence
of a liquid olefinic hydrocarbon'at a temperature greater -
than 150°C. | | |

The method of the invention minimizes sulfur

This is the replacement sheei
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Si ze

0.13cm (1/20 inch) trilobes A 430 gram sanpl e of

the above sanple was dried at 370[err]C for one hour and then cooled to
anbi ent under vacuum The sanple was then placed in a flask and enough
sul'fur, in powlered form was added te @ educe a sulfur level of about 10%

by wei ght .

The flask was provided with a slow nitrogen purge and placed in

a heating stripping tpshesth@t-up biha@ireddddandi tnpioRedecaesiybe flask

was Vi
final

water pore volune of the sulfur-inpregnated catal yst was determ ned to be

about

brated continually to provide mxing of sulfur and catal yst.

The

sul factieity.waThebmet htd Prowides ghisafe t etdwié@) catal yst. The

0.3 presylfurized hydrotreating and/or hydrocracking or ta11
gas treatlng catalyst, either fresh or regenerated, that
can be started up rapidly. o

In the method -of the invention pcrous“catalyst
particles are contacted with elemental sulfur under
conditions which causé the sulfur to be incorporated into

the pores of the catalyst by sublimation, by melting or by

a combination of both sublimation and melting. The sulfur-

incorporated catalyst particles are contacted with a liquid

.olefin at elevated temperatures for times sufficient to

cause the sulfur-incorporated catalyst particles to have

enhanced resistance to sulfur stripping during startup in a

hydrotreating and/or hydrocracking reactor in the presence

of a hydrocarbon feedsiock. When such olefinically treated

pfesulfurized catalysts are used tc tail gas treating, they

can be started up more rapidly than conventional catalysts.

The mechanism by which the sulfur-incorporated
catalyst becomes more reslstant to sﬁifur stripping upon
heating at elevated temperatures in the presence of thé
olefin is not known and will be.referenced herein as
"reaction" or "reacts" for lack of better terminology. 1In
any event, the_:eéult of this meéhanism can readily be
deternmined without undue experimentation by measuring the
resistance to sulfur stripping of catalyéts subjected to

differing températuré/time treatments with the olefin and

- This is the replacement sheet
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- 17 - Part B. Oefin Reaction The sul fur-inpregnated catal yst fromPart A
was inpregnated with the various hydrocarbons listed in Table 2. The
catal yst was inpregnated with hydrocarbon sufficient to fill 90% of the
pore volune. The eicosane, vacuum gas=-oif ={"VG0') and the [err] ol efin,
bei ng sol!d§ or sem-solids at roomtenperature, were heated to 4Q[err]C
bef ore beiwitiapati thet olefféncand peasuxingtthe desiskan®® ko vBReISFnpl y
added to the catal yst. The catal yst was shaken with the hydrocarbon until
the cat al ystrippéngedfdthe Tesultidg satadystacl [Catpivsts RIPIFCEAnpl €.
100 Grans of the hydrocarbon-containing catal yst were ,

in accordance with the invention have enhanced resistance

to sulfur stripping. A suitable method for determining

sulfur stripping resistance is described in Example 1, Part

C below wherein acetone is used as a stripping agent.

The catalysts referred to herein as "“sulfidable metal

oxide(s) catalysts" are in fact catalyst precursors, that

is they are used as actual catalysts while in the sulfided

form and not in the oxide form. . While reference is made to

métal oxide(s).catalysts,.it should be understood that

whilé the normal'catalyst preparative techniques will

produce metal oxide(s), it is possible to utilize special

preparative technigues to produce the catalytic metals in a

reduced form, such as the zero valent state. Since metals

in the zero valent state will be sulfided as well as';he

oxides when subjected to sulfiding con&itions, catalysts

containing suchisulfidable metals even in reduced or zero

valent stateé_wiil be considered for the purposes of this

invention as sulfidable metal oxide(s) ;atalysts. Further,

since the preparati#e technigue of the invention can be

applied to regenerated catalysts which may have the metal

sulfide not completely converted to the oxides, "sulfidable

metal oxide(s) catalysts" also refers to these catalysts

wvhich have part of their metals in the sulfided state.

The catalyst is typically presulfurized by one of two

methods. The first method comprises contacting the

This is the replacemenf sheet
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| oaded into a quartz reactor tube and placed in a furnace. The reactor
outlet was tubed to a liquid trap, then to a silicone oil-filled container
to prevent air back- diffusion. N trogen flow was established to the
reactor inlet at 230 cnferr] /min, and the catalyst bed was purged of air
for 30.m nutes. The nitrogen flow was reduced to 30 cnferr]/mn for the
during of the heat treatment. The reactdrfwas heated to 205 C over the

Compl ot o, {AEMSHERAE COTRINES Hoh GORRATLAL M Terhirh TR AR S L
S rogen putley SHI SATH S1MRLE A SITEL [ Sldio e nn B C
' pores of said catalyst by sublimation and/or melting and
subsequently heating the sulfu:—incorporated catalyst in
the presence of a ligquid olefinic hydrocarbon at a
temperature greater than 150°C. The second method
comprises contacting a sulfidable metal oxide(s)-containing
catalyst with a mixture of powdered elemental sulfur and a
liquid olefinic hydroéérbon and heating the resultant
mixture to a temperature dbové 150'C.' In this sec;ﬁd
method the heating rate is sufficiently slow for the éulfur.
to be incorpocrated into the pores of said catalyst by
sﬁblimation and/or melting before réaching the temperature
at which the olefin reacts to make the sulfur more
-resiStant to stripping.
In the preferred embodiment fhe porous catalyst
particles are first contacted with elgmental sulfuf at a
temperature such that the sulfur'is incorporated into the
catalyst by suﬁlimation and/or melting. While the catalyst
barticles can be contacted with sulfur in the molten state,
it is preferred td first mix the caﬁalyst particles with
' powdered elemental sulfur and then heat the mixture to
above the temperature at.which sublimation of the sulfur
occurs. |
Génerally the catalyst particles are heated in the
presence of the powdered elementallsulfur at é-temperature

greater than B80°C. Preferably this first sulfur

'This is the replacement sheet -
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measuring the ability of the catalysts to resist sulfur | eachi ng.
Acetone is a nore aggressive solvent for sulfur than the typical
hydrotreating and/or hydrocracking feedstocks: Catalysts that are found to
be resistant to sul fur |eaching by acet8ne are also found to be resistant
to I eaching by hydrocarbon feedstocks and have thus acquired the benefits
of the i nsmprednatinn cst;eﬁ'husllthe garrded exitr att iaortdmsdratuxesefi bed

herein can be used by one skilled in the art to determne if
sul fur-1I eé@tﬂ%@f’r ‘it a0 tGitar yeigher, dekynug &lmdtﬂealhmd-im eeimtive been

obt ai ned.
of sulfur of about 445°C. The lower temperature limit is

fixed by the sublimation/melting characteristics of sulfur
under the specific conditiene of impregnation, whereas the
upper temperature'limit is fixed primarily by economics,
higher temperatures being more costly to produce as well as
more difficult to work-with. _ |

In a preferred embodiment the catalyst and sulfur are
heated together at a temperature of from 105°C to 125°C.
Typically the catalyst and_ﬁowdered sulfur are placed in a
vibratory or rotary mixer and. heated to the desired
temperature for sufficieut,time to allow the sulfur to be
incorporated into the pores of the cetalyst. Times
‘typically will range from 0.1 to 10 hours or longer.

The amounts of sulfur used will depend upon the
amounts of catalyt;c metal present in the catalyst that
needs to be converted to the sulfide. Typlcally the amount
of sulfur used is determined on the basis of the |
stoichiometric amount of sulfur required to convert all of
the metal in the_catalyst to the sulfide form. For'example

‘a catalyst containing molybdenum would regquire two moles of
sulfur to convert each mole of molybdenum to molybdenum
disulfide, with similar determinetions being made fer other
netals. On fegenerated catalysts, existing sulfur levels
may be factored into the-calcuietions for the amounts of

~elemental sulfur required.'

This is the replacement sheet
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A Soxhl et extractor was used in this test. The thinble of the extractor
was filled with 20 cnB of catal yst and the flask of the extractor was
filled about 3/4 full (about 600-[err]) with acetone. The extractor was
heated to the boiling point of acetone (57[err]C) and allowed to reflux for
18 hours. After extraction, the flask ®wa8 Cool ed, the catal yst renoved and

i d I | vzed for
gLI'?ﬂranﬁ?Eﬁ[ ") 5% Yad e ?°gnffaﬁxie?§%fﬁe 335 gut%%%@%‘ Zzs’mﬁ/\munj[n
in sul fur,.is
o sel fur et 2nDERGARESCOLE] Bo0E0 BdibRhe, peofhe ety a*%iif%‘é
sul fur in thancatahdst f%%ﬁit&hfnhSQEaE&SéénﬁablﬁB BahanRed mes 100% Table

2: Sul fur Leachi ng Resu
hydrodenitrification activity, which is an important

property of hydrotreating and first stage hydrocracking
catalysts. Thus, the ampuht of presulfurizing sulfur used
for incorporation into the catalyst will typically range
from 0.5 to 1.5 times-the stoichiometric amount, and
preferably from 0.7 to 1.2 times the stoichiometric amount.
| For hydrofreating/hy@rocracking and tail gas treating
catélysts containing Group VIB and/or Group VIII metals the
amount of sulfur employed is typicél;y 2 to 15%, preferably
6% to 12%, by weight of the catalyst charged. It is
preferred not to add so much sulfur ﬁo the catalyst that
the pores are completely filled_up. By leaving residual
pore volumé, thé olefin can penetrate the pores and react
therein. |
The key.step to the invention is to contact the
sulfur impregnated metal catalyst with a iiquid olefin at
an elevated température and for sufficient time at a
‘temperature such that the olefin reacts and provides a
sulfurized catalyst that is more resistant to sulfur
leaching than one nothcontactéd with an olefin. Typically
the contact tempe:aturelis greater than 150°C and typically
is from 150°C to 350°C, preferably from 200°C to 325°C.
Contact times will depend on temﬁerature and ‘the vapor

pressure of the olefin, higher temperatures and higher

This Sheet Has Been Rep This is the replacement sheet
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"Reactant" Hydrocarbon ~Amount of Sul fur After Extraction NECDENE* 10

ol efins") 92.2 n- DECANE
15. 6 NEOCDENE 14/16 OLEFI NSb) 88.5 n-C dC1l6 BLEND,
36.6 CH vRON TETPUAMR MO = 94. 3- CHEVRON POLYR 560e'

88.5 DI ESEL FUEL

. - 77.1 VACUUM GAS O L
85.2 NECDENh _ 20 CLEFINSI} - 96. 4 _
- vapor pressures requiring shorter times. In general times

will range from 0.1 to 10 hours.

The key property of the olefin is that it must be a
ligquid at the elevated temperatute of contact. It is
preferred that the olefin be a higher olefin, i.e. one
having a carbon number greater than six, preferably greatér
than eight. The upper carbon number of useful olefins is
determined by the neiting ﬁoint of the olefin in question.
While waxy olefinic materials having carbon numbers around
60 can be used, they are“inconvenienf since they must be
heated to a higher temperature in ordér to be éonverted
into a liquid, although they can be used witﬁ a solvent to
put them in liquid form. Olefins with carbon numbers

'ranging from 6 to 30, preferably from 8 to 25, ére found
most useful.

The term "olefin" as used herein refers to
hydrocarbon molecules containing at least one cérbon-carbon

_ double bond and will include hydrocarbons containing at
least one carbon-carbon double bond in addition to other
functional moieties, such as, for example, carboleate or
halo, provided such additional noieties do not adversely
react with the catalytic metals on the catalyst. The
clefins may be monoolefins or polyolefins, cyclic eor
acyclic, linear or branchead. Non4limiting examples of
monoolefins inclﬁde decene, undecéne, dodecene, tridecene,
tetradecene, pentadecene, hexadeéeng, heptadeceng,

octadecene, noadecene and eicoseﬁe, whether branched,

This is the replacement sheet
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El COSANE 65.3 a) An ol efin product
‘manuf actured by Shell Chenical Co. whose conposition is 96%M . i nmum:
[err] al pha-nonool efin. b) An ol efin product nanufactuﬁﬁﬁw9¥h§g&mﬁ

Chem cal Co. whose conposition is 94%w. m ni num al pha-no eplaced
conprising 65%w. [err] al pha-nonoolefin and 35%u . [err] ﬁ i n.

c). A blend of normal [err] and [err] al kanes bl ended t
[err] ratio as b) above. d) An ol ef i n- pg@duct manuf actured by Chevron
Chem cal Co. which is a tetraner of propylene. e) An ol efi n product

manuf act ur ed Ihner\@nretkbiccaalfba oroiaternpdsoliedini.s meﬂlar[err]
branched nmonool ef i ns.

materials in the form of

di-, tri- and polyolefins mgy be used. Polycyclic olefins

and polyolefins may also be used. The réadily available

- compound dicyciopentadiene can be_used.
The clefins may also be mixed with non4olefinicl'

hydrocarbons,-such as alkanes or aromatic solvents. In

'general the olefin content of any olefln-containlng
hydrocarbon used in the process of the invention should be
above 53%wt., preferably gbove 10%wt., and most preferably
above 30%wt. Generally, higher olefin conteﬂts are uséd,

. say, about so%ﬁt, and most conveniently the olefin is used
in the undiluﬁed form. The term "olefinic hydrocarbon" as
used herein refers to a hydrocarbon that contains olefinic
molecules with or without the presence of non-olefiﬁic
molecules. It is understood that the olefins may be
provided as olefin‘precursor§ which are converted to
olefins before.or upon reaching the reaction temperature.

The minimum amount of olefin used should be such that
upon reaction at elevated temperature, a catalyst is
obtained that has reduced #ulfur_ieaching properties. The
maximum amounﬁ of olefin used is determined primarily by
economics. 1In a preferred embodihent the amount of
olefinic hydrocarbon is.used ﬁhat,wi;l just fill_the pore
volume of the sulfur impregnated catalyst or just slightly'
less, down to 60 percent, preferably down to 80 percent of
the pore volume. A preferred tafgét range is from 80 to 95

ement shest
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f) An ol efin product manufactured by Shell Chem cal Co. whose

conposition i.s 94%w. mninmum[err] al pha- nonoolefin. Exanple Il: Use of
Presul furized Catalyst in Hvdrotreating Process S ix types of catalysts,
two conparative and four of This is the replacenent sheet - 20 - this

I nvention, were used to denonstrate tkeladwantages of the invention as
applied to a hydrotreating process. These were:
: percent of the pore volume. 1In this manner, the treated
catalyst will be. "dry" and is more convenient to handle.

In another embodiment according to the present
invention, the catalyst particles are contacted with both
the elemental sulfur, preferably powdered, and the olefinic
hydrocarbon simultaneously. According to this method, a
mixture of powdered elemental sulfur and olefinic
hydrocarbon solvent.is first produced. A Qeight ratio of
olefin to sulfur of from 1:1 to 4:1 is suitable, with about
2:1 beiﬁg a preferred ratio. The mixture may be heated to
promote homogeneous mixing of the éomponents, particularly
if the olefinic hydrocarbon is not ligquid at ambient
conditions. Toluene or other light-weight hydrocafbon
solvents may be gdded to decrease the viscosity of thé
mixture. Also, increased heat wiil achieve the same
effect. The mixture is then added to a preweighed catalyst
sampie and mixed. The mixture is then heated to the olefin
reaction temperature of above 150°C. Preferabiy the
temperature is 150°C to 350°C and more preferably from

- 200°C to 325°C. The times are the same as in the preferred
two-step embodinent_described abové,_that is from 0.1 to 10
hours. During-the heating process_the sulfur first
impregnates the pores of the catalyst and then the colefin
reacts to farm the sulfur leaching resistant catal?st.

The présulfurized catalyst of the instant-invention
may be convezﬁed to a sulfided catalyst by contact with

hydrogeh at temperatures greater than'ZOO'C, preferably

This is the replacement shea
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1) COWP Catalyst - This is a conparative comrercial hydrotreating
catalyst listed in Table 1 which has been sulfided by an industry accepted
sul fiding nethod using hydrogen and hydrogen sul fi de as descri bed bel ow. 2)

[err] Catalyst - This is a catalyst prepared as described in Exanple |

wi.th 100% stoi chiometric sulfur and using the normal [err] olefin blend
described in Table 2 as one treating_hxgrgcarbon. 3) [err] Catal yst -
This is a catal yst prepared as describéd in Exanple | with 75%

Tabl o 2 aE PRGN T R e b R e e T e s A
cat al yst grag§§qd as

In preferred operation the presulfg;ized catalyst of

~the instant invehtion is loaded into a hydrotreating and/or
hydrocracking reactor or tail gas reactor and hydrogen flow
is started to the reactor and the reactor is heated up to
operating (hydrotreat;ng and/or ﬁyerCracking or tail gas
treating) conditions: In the_presenée of hydrogen,
activation of the catalyst takes place. That is, the metal
oxides and hydrogen react with substantially all of the
sulfur incorporated into the catalyst pores, thus producing
hydrogen sulfide; water and metal sulfides. In the
hydrotreating ind/or hydrocracking pfocess. a2 hydrocarbon
feedstock floﬁ may be stﬁrted simultaneously with the
hydrogen or later. |

| The process_of.the pfesent invention is further

applicable to the sulfurizing of spent catalysts which have
been oxy-regeneréted. After a conventional oxy-
regeneration proéess, An pxy-regenerated catalyst may be
presulfurized as would fresh cataiyst in the manner set
forth above and specificallf'ih a manner set forth by way
of the following examples.

‘The inv@nﬁion is 2lso intended to encompass a method
for stabilizing (enhahcing the resistance to sulfur
leaching) a supported netallcatalyst containing elementai
sulfur, particuiafly a Groﬁp VIB and/or Group VIII metal.

catalyst, by contacting.said_catalyst'with an olefinic

Tiis is the replacement sheet
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described in Exanple I with 50% stoichionetric sulfur and using the nornal
[err] olefin blend described in Table 2 as the treating hydrocarbon. 5)
[err] Catalyst - This is a conparative catal yst prepared as described in
EXanmple I with 100% stoi chionetric sulfur and using the normal-[err] al kane
- bl end described in Table 2 as the treating hydrocarbon. 6) [err] Catalyst
- This is a catal yst prepared as destr#Bed in Exanple I with 100%

SfOicm(N§¥£}gcarbgglLgraaggm%%;g J¥¥35¥£J¥gf[ég44 fggjép bl end

The presulfurizing process is particularly suitable
for application to hydrotreating and/or hydrocracking or
ta2il gas treating catalysts. These catalyéts typically
comprisé Group VIB.and/or Group VIII metals supported on
porous supports such as alumina, silica or silica-alumina,
including zeolite. The materials are well defined in the_
art and can be prepared by techniques described therein,
such as in US§A-4,530,911 and US-A-4,520,128. Preferred
hydrotreating and/or hydroéfackiﬁg or tail gas treating
catalysts gill ;ontain a group VIB metal_selected from
molybdenum and/or tungsten and a Group VIII metal selected
from nickel and/or cobalt supported on alumina. Versatile |
hydrotreating and/or hydrocracking catalysts which show
good activity under various reactor conditions are alumina-

. supported nickel-molybdenum and cobalt-molybdenum
catalysts. Phosph§rous is sometimes adaed as a promoter.
A versatile fail Qas'treating catalyst which shows good
activity under various réactor conditions is an alumina-
supported cobalt-molybdenum_catalyst.

Hydrotreating catalysis which are'speciti;ally
designed for hydrodenitrificﬁtion operations, such as
alumina-supported nickel-molybdenum éatalysts,
presulfurized by the methods described herein have higher

< initial activities, particularly hydrodenitrification
activities, than catalysts sulfided by prior art methods.

. This higher initial activity, coupled with ability to avoid
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described in Table 2 as the treating hydrocarbon. This catalyst is
substantially simlar to the [err] catalyst except the [err] catal yst was a
| arge scal e preparation and this was a | aboratory scal e preparation.
Mcroreactors were utilized to test the,hydrotreating activity of the

catal ysts. The catal ysts were | oaded iﬁto the reactor as follows: 30 cnB

T ot REBRROCARRACE Ml O Wl S RIS
13.75 cn% %%sca{’gl g%égégﬁﬁ%gdv\etrae }yfs‘j'.{%hﬁﬁ Jw%ﬁgo%%ﬁﬁtegﬁmsﬁge?hese
aliquots vgpankoadad nBVanthge.caqtOralllhes WHd Hydrstitedringeand/bop
hydrocracking reactor to get into full operatioﬂ guicker,
and, once at opérating conditions, have a higher activity,
allowing the reacﬁor to be operated at either lower
temperature or higher conversion. Tail gas treating
reactors can also be started up more quickly.

Thus, the invention also relates to an improved
process for starting up a hydrotreating and/or _
hydrocracking reactor, whiéh comprises loading the catalyst
presulfurized according to the methods described hereih
into the reactor and heating the reactor to ocperating

"conditions in the presence of hyd:égen'and optionally a
hydrocarbon feeéstock. The invention also relates to an
improvesd hydrotreating-and/or hydroc:écking process which
comprises contacting at hydrotreating and/or hydrocracking
conditions a hydrocarbon feedstock and hydrogen with a
catalyst which has been presulfurized according to the
methods described hereiﬁ”and which hés been heated to
hydrotreating and/or hydrocraqking temperature in the
presence of hydrogen and optiohally a hydrocarbon
feed#tock.' | | |

Hydfotreating conditions comprise temperatures of
from 100°C to 425°C, pressures abbvej46 atmospheres. The
total pressure will typically range from 2.8 to 17.2 MPa

gauge:(4oo to 2500 psig). The hydrogen partial préssure
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(the inlet end). Part A: Short Term Activity Tests A blend of vacuum gas
oil and light cycle oil (VGO LCCO was used as feedstock .and had the
foll owi ng properties: %w Sulfur 1.7 ppm N trogen 1120
Refractive Index 1.5183 (25[err]C) Density 0. 9242 (60F or
15[err]C) 1) COWP Catal yst Activation The COW Catal yst was dried at
400[ err] C for one hour in air, cooled |% a desiccator and | oaded into the
reactor. This is the replacenent sheet

will typically range from 1.4 to 15.2 MPa gauge) (200 to
2200 psig). The hydrogen feed rate will typically range
from 1.6 to 80 Nl/hr (33.77 to 1688.5 N1 (H,)/1l (oil)).
The feedstock rate will typically have a.liquid hourly
space velocity ("LHSV") of from 0.1 to 15.

Hydrotreating conditions comprise temperatures of
from 300°C to SOO’C,'bressures'abOYe about 40
atmospheres. The total pressure will typically range
from 2.8 to 20.7 MPa gauge (400 to about 3000 psig). The
hydrogen partial pressure will typlcally range from 2.1
to 17.9 MPa gauge (300 to 2600 psig). The hydrogen feed
rate will typically range from 8 to.so Nl/hr (168.85 to
1688.5 N1 (H.)/1 (0il)). The feedstock rate will
typically have a llquld hourly space velocity ("LHSV") of
from 0.1 to 15. First stage hydrocrackers, which carry
out considerable hydrotreating of the feedstock, may'
6perate at high temperatures than hyarotreatefs and at
lower temperatures than second Stage hydrocrackers.

Tail gas treatment Eeactors typically operate at
'temperatu?es ranging from 200°C to 400°C and at
atmospheric pressure. About 0.5-5% vol. of the tail gas
fed to the reactor will comprise hydrogen. Standard
gaseous hourly space vélocities of the tail gas through
the regdtor will range from 500 toilo,oop hr'. There are
several ways the catalysts caﬁ be started up in a tail .
gas treatment reactor. Claus unit feed or tail gas can
be used to start

| This is the replacement sheek
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- 22 - It was sulfided in a flow of 45 N1/ hr of 95%ol hydrogen/ 5%ol

hydr ogen sul fide according to the follow ng schedul e: a. anbi ent to
121[err]C at 5.6[err]C/mn b, 121 err]C to 204[err]C at 0.56[err]C/mn C
hotd at 204[err]C for 90 mn d. heat from 204[err]C to 371[err]C at
1.1[err]C/mn e. hold at 371[err]C for 60 mn f. cool reactor and hold
at 149[err]C 2) Di esel Activation Thi 36net hod was used to activate

cafal ysts of this

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 inventién will be described by reference to the
following Examples.

m : i io
Part A: sSulfur impregnation
A commercial hﬁdrotreating catalyst having the

properties listed below was used to prepare the sulfurized

catalysts.
Table 1: Catalyst Properties

Nickel | - 2.6%wt
Molybdenum 14.3%wt
Phosphorous 2.9%wt
Support gamma alumina
Surface Area, m‘/g 164

Water Pore Vol., cm’/g 0.44

Size 0. 13cm (1/20 inch) trilobes

A 430 gram sample of the above sample was dried at
370°C for one Sour and then ¢ooled to ambient under.vacuum.
The sample was then placed in a flask and enough sulfur, in
powdered form, was added to produce a sulfur 1eve1 of about
10% by weight. The flask was provzded with a slow nitrogen
purge and placed in a heatiﬁg mantle at 107°C for 1 hour.
During this time pericd the flask was vibrated continually
to. provide mixihg of sulfur and catalyst. The final sulfur

level was.about 10.5% by Qeight 6f_the.total catalyst. The
water pore volume of the sﬁlfur-impregnatgd catalyst'was

determined to be about 0.3 emi/g.
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i nvention using a diesel refined for cars and trucks and was as follows: a.
Unit was pressurized to 4.8 MPa gauge (700 psig) and hydrogen circul ation
was established at 168.85 N1 ([err]))/|I &OI|) [8 NI of hydrogen/hr]. b.

Di esel feed was started to the catalyst1 ed at 1.5 LHSV and anbi ent

tenperature. c. The_reactar, t erature was raised to 121[err]C in one
hour, then incregégé-ﬁé—913§épﬁﬁgaﬁg%ﬁn8[err]CYhour -Tenper at ures were
verngnt . Fre. + She, spiteE-REssasthoa FAFRINAE LFARBRIR FRE SUTVLLS,
the nDrninghp%Lgna%%% @&%ﬂ“ 'Onarzous hydrocarbons listed in Table
2. The catalyst was impregnated with hydrocarbon
sufficient to £ill 90% of the pore volume. The eicosane,
vacuuz gas oil {"VGO") and the G, olefin, being solids or
sexzi~-solids at roonm tamperature, were heated to 40°C before
being applied to the batalyst. All other hydrocarbons were
simply added to the catalyst. The catalyst was shaken with
the hydrocarbon until the catalyst appeared dry. This to2k
approximately 10 ninutes per sample.

100 Grams of the hydrocarbon-containing catalyst were
loaded into a quartz reacgor tube and placed in a furnace.
The reacter outlét was tubed to a liquid trap, then to a
silicone oil-filled container to prevent air back-
diffusion. Nitrogen flow was established to the reactor
inlet at 230 cué /rin, and the catalyst bed was purged of
air for 30 minutes. The nitrogen flow was reduced to 30

_ex’/min for the during of the heat treatment.

The reactor was heated to 205°C over the coufse of
one ‘hour and held there for 3 hpurs.' After heat treatment
was conplete, the reactor contants were cooled to room

_ temperature under nitrogen purge. The samples were
_ analyzed for sulfur content.
Acetone was used as an extractive solvent for

measuring the ability of the catalysts to resist sulfur
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This method was used to activate catalysts of this invention using first
hydrogen, followed by diesel, and - 23 - sinulates the startup of
certain conmercial hydrotreaters. This nmethod is as follows: a. Unit was
pressurized to s.1 MPa gauge (300 psig) and hydrogen circulation was
established at 168.85 N1 (H2)/1 (oil) [Nl of hydrogen/hr]. b.  Tenperature
was ranped fromanbient to 121[err]C at 28.8[err]C hr. c. Tenper at ure was

r anped from 12i[err]C to 204[err]C in
leaching. Acetone is a more agqresszve solvent for sulfur

than the typical hydrotreating and/or hydrocracking
feedstocks. Catalysts that are found to be resistant to
~sulfur leaching by acetone are also found to be resistant
to leaching by hydrocarbon feedstocks and have thus
acquired the benefits of the instant invention. Thus, the
acetone extraction test as described herein can be used by
one skilled in the art to determine if sulfur-leaching
. resistant catalysts as defined and ciaimed herein have been
obtained. | |
A Soxhlet extractor was used in this test. The
thimble of the extractor was filled with 20 em® of catalyst
and the flask of the extractor was filled about 3/4 full
(about 600 cnP) with acetone. The extractor was heated tb'
- the boiling point of acetone (57'C)'and allowed to reflux
for 18 hours. .After extraction, the flask was cooled{_the
catalyst rgpoved and dried at 40°C for 16 hours. The
extracted catalysts were analyzed for sulfur content. The
percent of sulfur retained after ex;raction is shown in
Table 2 below. This percent of retaihed sulfur is
calculated as the amount of sulfur on the catalyst after
 the extraction of Part C divided by the sulfur in the
catalyst after the heat treatment of Part B fimes 100%.

Table 2: Sulfur Leachzng Results

"Reactant" Hvdrocazbon Amount of Sulfur After
Extraction
NEODENE® 10 olefins® 92.2
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one hour. Of gas was sanpled for [err] during period. d. When 204[err]C
was reached, unit was pressured to 4.8 MPa gauge (700 psig) and held for
one hour. e. Di esel feed (sanme as in 2) above) was introduced at
204[err] C. f. The tenperature was ranped to 2600C at 27.8[err] C hr and
the unit cooled to 149[err]C wth di esqgle f.eed conti nuing overnight. 4)
Activity Testing For activity testing the unit was pressured up to 4.8 Ma
gauge (70 -pTicaNzand heated to 246C with a hydrogenigas rate of 168.85 N1
(H, )/I (0|I°€&§.gl of rqgg wh. The VGO LCO feedsﬁag started to the unit

at 1.5 LHE® &mM%- the feed had wetted

- n=C,./Cy, BLEND® _ 30.6
CHEVRON TETRAMER M9 ' - 94.3
CHEVRON POLYMER 560% | 88.5
DIESEL FUEL . 77.1
VACUUM GAS OIL : 85.2
NEODENE® 20 OLEFINSY 96.4
EICOSANE _ 65.3

2)  An olefin product manufactured by Shell Chenical Co.
whose composition is 96%wt. minimum C,;, alpha-monoolefin.

k) An olefin product manﬁfactured by Shell Chemical Co.
whose compesition is 54%wt. minimum alpha-monoolefin
conprising €55t C. alpha-monoolefin and 35%w:. C,
alpha-monoclefin. |

c) A blend of normal C,, and C,, alkanes blended to have

- the same C,/C,, ratio as b) above.

g) An olefin product manufactured by Chevron Chemical
Co. which is a tetramer of propylene.

e) An olefin product manufactured by Chevron Chemical
Co. whose co:positioh is ¢, - C; branched
monoolefins. .

) An olefin product manufactured by Sheli Chenical Co.
whose composition is 94%&1.'ninimun C Alpha-

monoclefin.

Pr ocesg

Six types of catalysts, two comparatzve and fou— of
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entire bed (and product was noted in the separator), the tenperature was
raised to 329[err]C at 22.2[err]C/ hr. After the reactor was at 329[err]C, a
12 hour break-in period was begun. The product fromthis period was not
anal yzed. The run was continued with additional weight - 24 - periods of
12 hours and the products of each weight period were anal yzed for nitrogen
and sul fur. Fromthese values rate constants were cal cul ated for the hydro-
denitrification ("HDN') reaction and the 2§drode- sulfurization ("HDS")
reaction. Rﬂﬁié“?ﬁﬁﬁﬁﬁfoﬁquégg used to demonstrate the advantages of
the invention as applied to a hydrotreating process. These
were:
1) COMP Catalyst - This is a comparative commercial
N hydrotreating catalyst listed in Table 1 which has
been sulfided by an industry accepted sulfiding
method using hydrogen and hydrogen sulfide as
described below.
2) A Catalyst -- This is i_catalyst prepared as
described in Example I with 100% stoichiometric
sulfur and using thé normal C,./C,, olefin blend
described in Téble 2 as one tréating hydrocarbon.
3) Ay Catalyst - This is a catalyst prepared as
described in Example I with 75} stoichiometric éﬁlfur
and using the normal C,./C,, olefin blend desc;ibed in
Table 2 as the treating hydrocarbon.
4) A;, Catalyst - This is a catalyst prepared as
described in Example I with 50$'stoichiometric sulfur
and using the noryal Ci./Cyy ©lefin blend described in
Table 2 as the treating hydtbcarbon.
5) COMP,,.,,, Catalyst - This is a comparative catalyst
prepared as described in Example I with 100%
stoichiometric sulfur and using the normal-C,,/C,,
_alkane blend described in Table 2 as the treating
hydrocarbon. | |
€) Aciine cﬁtalyst;- This is a catalyst prepared as

described in Example I with 100% stoichiometric
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an indication of how active the catalyst is, the higher the rate constant,
the faster the reaction process, and the higher the conversion of sulfur
and nitrogen at a given space velocity (feed rate). For HDN the reaction
order is 1.0 and the k value is calculated by the equation: k - (space
veloci ty) *In[ conc. of Nin feed corga ©f N in product For HDS the
reaction is not first order and many val ues are used, but 1.7 is the val ue

most used andifsummﬁkPgﬁ@i@siﬁgcaheuharnaascﬁwdﬁwﬁﬁeiiﬁrﬂléhé relative
rate constants are provided in Table 3. They have been normalized agai nst
the values of thiegdwiled in Table 2 as the treating hydrocarbon.

This catalyst is substantially similar to the A@o

catalyst except the A,, catalyst was a large scale

- preparation and this was a laboratory scale
preparation.

'Microreactors were utilized to test-the hydrotreating
activity of the catalysts. The catalysts were loaded into
the reactor as follows: 30 cm’ of catalyét (basis
cormpacted bulk density) was divided into 3 aliquots. The
first aligquot contained 2.5_cm"of catalyst and was diluted
10:1 (SiC to catalyst) with 60/80 mesh Sic._ The remaining
two aligquots coﬁtained 13.75 cm® of catalyst each and were
diluted 1:1 with_GO/ao mesh SiC. These aliquots were
loaded into the reactor tube with the dilute one'on.top
(the inlet end). |

rt A: Short Term Activi
A blend of vacuum gas oil and light cycle oil

(VGC/LCO) was used as feedstock and had the following

properties:
twt Sulfur 1.7
Ppm Nitrogen 1120
Refractive Index 1.5183 (25°'C) °
Density 0.9242 (60°F or 15°C)
1)  COMP Catalvst Activ

The COMP Catalyst was dried at 400°C for one hour in

air, coocled in a desiccator and loaded into the reactor.
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wei ght period for the COW Catalyst. This is the replacenenf sheet - 25
- Table 3: Short Term Activity Tests Wi ght Period HDS Rel. HDN Rel

Catal yst Activation (12 hrs each) K Val ue K Val ue COW 1)
St andar d 3rd 1.00 1.00 [err] 3) Gas 3rd
1.01 1.19 4th 1.01 1-1525&h 0.98 1.09 6th
1.00 1.12 .

It was sulfided in a flow of 45 Nl/hr of 95%vol
hydrogen/5%vol hydrogen sdlfidé-according to the
following schedule:

a. ambient to 121°C at 5;6°C/min

b.  121°C to 204°C at 0.56°c/min

c. hold at 204°C for 90 min

d. heat from 204°C to 371°C at 1.1°C/min

e. hold at 371°C for 60 min |

£. cool reactor and hold at 149°C

2) Diesel Activation

This method was used to activate catalysts of this
invention uéing a diesel'fefined for cars and trucks and
was as follows: |

a. Unit was p{essurized to 4.8 MPa gauge (700
psig) and hyd£Ogen circulation wés established at 168.85
Nl (H.)/1l (oil) (8 Nl of hydrogen/hr].

b, Diesel feed was started to the cﬁtalyst bed at
1.5 LHSV and ambient temperature.

c. The reactor éemperature was raised to 121°C in
one.hour, then increased to 343°C at 27.8°C/hour.
Temperatures were held at 343°C for 30 minutes.

d. Since the temperature ramé occurred overnight,
the reactor was also cooled overnight at 149°C for feed
switch in the'morning; | | |

3) Gas Activation

This method was used to activaﬁe catalysts of this

.invention using first hydrogen, followed by diesel, and

This is the replacement sheet
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[err]

1.17 5th

0.99
1.04
Di esel
0.90
0.76

2) Diesel 3rd 0.98 1.17 4th 0.98

0.97 1.11 6th 1.00 1.13 7th
1.11 An 2) Diesel 3rd 1.04 1.23 4th
1.22 5th 1.05 1.22 6th 1.05 1.22 2)
3rd 0.92 1-1334+h 0.90 1.10 5th
1.08 [err] 2) Diesel 3rd 0.76 1. 07 4th

EifBilates the startup of certain commercial
hydrotreaters. This method is as follows:

a. Unit was pressurized to s.l1 MPa gauge (300
psig) and hydrogen circulation was established at 168.85
Nl (H,)/1 (o0il) [Nl of hydrogen/hr].

b. Temperature.was ramped from ambient to 121°C at
27.8°C/hr.

c. | Temperature was ramped from 121°C to 204°C in
one hour. Off gas Qas sampled for H,S during pericd.

d. When 204°C was--reached, unit was pressured to
4.8 MPa.gauge (700 psig) and held for one hour.

e. Diesel feed (same as in 2) above) was
introduced at 204°C. -

£. The,témperature was ramped to 260°C at
27.8°C/hr and the unit coocled to 149°C with diesel feed

continuing overnight.

4) Activity Testing

For activity testing the unit was pressured up to
4.8 MPa gauge (700 psig) and heated to 246°C with a
hydrogen gas rate of 168.85 N1 (H,)/1 (oil) (8 N1l of
hyrogen/hrj. The ?GO/LCO feed was started to the unit at
1.5 LHSV (41.6 gm/hr). After.the feed had wetted the
entire bed (and product was noted in the separator), the
temperature was raised to 329°C at 22.2°C/hr.

After the rea¢tor was at ?29°C, a 12 hour break-in

period was begun. The product from this périod was not

analyzed. The run was continued with additional weight
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5t h 0.74 1.03 6th 0.72 0.87 [err] 2)

Di esel 3rd 0.93 1.18 4th 0.91 1.16
5th 0.91 1.14 6th 0.92 1.16 As can be seen
fromthe above table the catalysts of this invention show a clear advantage
over a traditional hydrotreating catalyst with regard to
hydrodenitrification activity. Part B: Long Term Activity Tests COW
Catal yst ‘and [err] Catalyst were used in long termtests to neasure HDN
activity. The feed used was an Al askan neraé sl ope diesel wth

periods of 12 hours and the products of each welght
period were analyzed for nitrogen and sulfur. From these
values rate constants were calculated for the hydro-
denitrification {"HDN") reaction and the_hy&rode-
sulfurization ("HDS") reaction. Rate constants provide
an indication of how.pctive the catalyét is, the higher
the rate constant,_thé faster the reaction process, and
the higher the conversion of sulfur and nitrogen at a
given séace velocity (faed rate). For HDN the'reaction
order is 1.0 and the k'value is calculated by the

eguation:

cornc. of N in produc:

For HDS the reaction is not first order and many values
are used, but 1.7 is the value most used and is used

herein to calculate as follows:

‘R {space veloci :v} : ' 2 ' }
. 1.7-2 (cenc. of S in product)®? - (conc. of S in feed)®”’

The relative rate constants are provided in Table 3.
They have been normalized aéainst the values of the third

weight period for the COMP Catalyst.
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- 26 - the follow ng properties: 0.556 %wt Sulfur 269 ppm Nitrogen 31.1 API
Gravity 13.29 %t Aromatics One hundred cc of catalyst was used in the
mcroreactor with 1:1 dilution with 60/80 nesh SiC. The operating

conditions were as follows: 4.1 MPa gauge 600 psi 168.85 N (H2)/1 (oi
[35 6 N1 of hydrogen/ hr) é 9 (F2) ( )

- Table 3 Short Term Activity Tests

. Weight Period HDS Rel. HDN Rel.
Catalyst ASSA_ASJQD ilz_hzi_sﬁshl K value K Value

COMP 1) Standard 3rd 1.00 1.00
Ay 3) Gas 3rd 1.01  1.19
. 4th 1.01 1.15
- _ 5th © 0.98 1.09
- éth 1.00 1.12
Aqg 2) Diesel .  3rd 0.98 1.17
' 4th . 0.98 1.17
sth 0.97 - 1.11
R _ 6th 1.00 1.13
. 7th | 0.99 1.11
A 2) Diesel- ~ 3rd 1.04  1.23
- 4th 1.04 1.22
Sth 1.05 1.22
6th 1.05 1.22
Aqp 2) Diesel ard 0.92 1.13
_ 4th - 0.90 1.10.
s5th 0.90 1.08
COMP.y, s 2) Diesel 3rd 0.76 1.07
4th 0.76 1.05
Sth : 0.74 1.03
€th ©0.72 0.87
Al e 2) Diesel . 3rd 0.93 1.18
| 4th 0.91 1.16
Sth 0.51 1.14

éth 0.92 1.16

As can be seen from the above table the catalysts of
this invention show a clear advantége over a traditional
hydrotreating catalyst with regard to hydrodenitrification
activity.

pPart B: ong Te ctivi

COMP Catalyst and Ayo0 Cajﬁalyst were used in long term
tests to measure HDN actzvzty.

The feed used was an Alaskan north slope dlesel v;th
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2.0 space velocity 90% desul furization The [err] Catalyst was activated by
pressuring the reactor to 600 psig with hydrogen. Hydrogen fl ow was started
at 168.85 nl ([err])/l (oil) and diesel feed brought in at 1.5 LHSV and
anbi ent tenperature. The reactor .tenp- erature was raised to 121[err]C at
1.7[err]C/mn, then increased to 343[errj @&t~ 0.56[err]C/ min. The reactor
was then cool e t% hHe esti-mated start-of-run tenperature of 302[err]C The
COVP Cat al yst “W&s *8ctiC¥HSd RYORRF %3RS f ol | owi ng:  a. 120 N/ hr of a 95%

[err]/5%HS m xture b. np temperature fromanbient to 204[err] C at
0.56[err]C/min c. Hol 8'5%.625%r5ﬁ)€£q%r two hours

265 ppm Nitrogen
31.1 API Gravity
13.29 %wt Aromatics
One hundred cc of catalyst was used in the microreactor
with 1:1 dilution with 60/80 mesh SiC.
The operating conditions were as follows:
4.1 MPa gauge (600 psig)
168.85 N1 (H,)/1 (o0il) [35.6 N1 of hydrogen/hr)
2.0 space velocity '
90% desulfurization
The A, Catalyst was activated by preésuring'the
reactor to 600 psig with hydrogen. Hydrogen flow was
stérted at 168.85 nl (H,;)/1 (0il) and diesel feed brought
in at 1.5 LHSV and ambient temperature. The reactor temp-
erature was .raised to 121°C at 1;5°C/min, then increased
to 343°C at 0.56°C/min. The reactor was then cooled to
the estimated. start-of-run tempefature of 302°C.
The COMP Catalyst was activated using the following:
a. 120 Nl/hr of a 95% BH,/5% H,S mixture
b. Ramp temperature from ambient to 204°C at
0.56°C/min
c. Hold at 204°C for two hours
d. Ramp to 316°C at 0.55°C/min and hold for one
hour o '

e. Ramp to 371°C at 0.55°C/min and hold for two

This is-the replacement éheat
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d. Ranp to 316[err]C at 0.55C/m n and hold for one hour e. Ranp to
371[err]C at 0.55[err]C mn and hold for two - 27 - hours f. Cool to
302[err]C for feed introduction The operating procedure was as follows: At
302[err]C the feed rate was increased to 2.0 LHSV and a reactor tenperature
profile was taken and wei ght periods were $farted when the profile was flat
and at target. The reactor lined out after about 190 hours wth the reactor

hours

£. . Cool to 302°C for feed introduction

The operating procedure was as follows: At 302°C the
feed rate was increased to 2.0 1HSV and a reactor
temperature profile was taken and weight periods were
started when the profile was flat and at target. The
reactor lined out after about 190 hours with the reacﬁor
temperature being adjusted for 100 ppm sulfur in the
product. This temperature was held for the remainder of
the run. Sulfur and nitrogen wefe analyzed by a combusticn
technigue. Sulfur detector was UV fluorescence and
nitrogen detector-was'chemiluminescence.

The results of thése runs are shown in Tables 4 and 5
and are repcrted as YHDN and $HDS which is the difference
in N and § in the product and feed over the N and $ in the
feed, expressed as a percentage.

TABLE 4: A, Catalyst

"Run .-
drs. Deg. C AHDN AHDS
191 33l 55.0 - 0.5
216 329 53.2 90.3
27 - 329 89.9
- 287 330 52.0 0.3
311 330 52.4 50.1
335 330 52.4 89.7
359 330 52.4 _ 89.7
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tenperature being adjusted for 100 ppm sulfur in the product. This
tenperature was held for the remainder of the run. Sulfur and nitrogen were
anal yzed by a conbustion technique. Sul fur detector was UV fluorescence and
_hitrogen detector was chem | um nescence. The results of these runs are
shown in Tables 4 and 5 and are reported as %IDN and %IDS which is the _
difference in Nand S in the product and feed over the Nand S in the feed,

expressed as a percentage. TABLE 4: [errg Catal yst Run Hrs. Dec. C
%DN 191 331 .55.0 < 4890.5 216 329 53. 2
90. 3

TABLE 5: COMP CATALYST

Run
drs. - Deg. C AHDN 3HDS
180 ' 329 0.2 90.5
214 329 49.8 0.5
268 329 49.8 90.5
. 286 330 49.4 0.5
310 . 330 49.1 90.3
324 . 329 45.1 90.3
348 - 330 48.3 0.6

. As can be seen from the abbve, the catalyst produced in
accordance with the invention retains an improved HDN

activity.even over a long test term.
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271

90, 3 311
89.7 359
shéet
%1DN 190

329 89.9 287 330 920

330 52. 4 90.1 .335—~—"" 330 52.

28 - Ti:I;EE 5: COVP5 éA?'ALYST RunSar Z ™ > \\“\mm“'“‘“ \““6“ DN

329 50. 2

_ CLAINMS

1. A method 6f presulfurizing porous particles of a
sulfidable catalei containing at least one metal or metal
oxide, which method cqmprises

(a) contacting said porous catalyst particles with
elemental sulfur at a temperature such that said elemental
sulfur is incorporated in the pores of s?id catalyst by
sublimation and/or melting and at the same time or
subsequently |

(b) _ heatlng said catalyst particles in the presence
of a liquid olefinic hydrocarbon at a temperature greater
than 150°C. |
2. A method according to claim 1 wherein the catalyst
contains at least one oxide of a métal from Group VIB and

Group VIII of the Periodic Table.

3. A method according to claim 1 wherein powdered sulfur

is used in step (a).

"4. A method according to claim 1, 2 or 3 wherein step

(a) is carried out before';tep {b) at a temperature of from
§0'C to 130°C.

5. A method agcording to claim 1, 2 or 3 wherein the
amount ©f sulfur used in step (a) is from 0.7 to 1.2 times
the stoichiometric amount required to convert the metal or
metal oxides to sulfides. |

6. A method according to claim-1, 2 or 3 wherein step
(b).is carried out subseguent to step (a) at a temperature

of from 200°C to 325°C.

Ll III
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214 49. 8 90.5 268 329 49. 8

90.5 286 %BSheetHasBee 90.5 310 330 49, 1
90,3 324 90. 3 348 330
90.6 As can be seen e, the catalyst prﬂmﬂiﬁlﬂu!mﬂﬂﬂmm

t est

with the invention retalns an |nproved HDN activity

term 1. A nmet hod of presul furizing ggraus partlcles "of "a ¥ul¥fidable
catal yst containing at |east one netal or
7. A method according to claim 1, 2 or 3 wherein the

duration of step-(a) and/or step (b) is from 0.1 to 10
hours.

8. A method according to claim 1, 2 or 3 wherein the
olefinic hydrocarbon contains olefins having from 6 to 30
carbon atoms.

S. A method according to claim 8 wherein the olefinic
hydrocarbon contains olefins having from 8 to 25 carbon
atoms. ' |

10. A method fof stabilizing 2 Supported Group ViB and/or
Group VIII metal catalyst containing elemental sulfur which
corprises contacting sa;d catalyst with an cleflnzc
hydrocarbon at a temperature greater than 150°C.

11, A method according to claim 1 which comprises the
further step of heating the éataiyst to a temperature of
from 200°C to 425°C in the presence of hydrogen to cause
the sulfur to react with the metal oxides to produce metal
sulfides and thereby provide a catalyst suitable feor
hydrotreating and/or hydrocracking a hydrocarbon stream or
tail gas treating a sulfur-containing gas stream. -

12. A method according to claim 11 wherein heat in the |
presence of hydrogen is carried out at ieast in part in the
presence of a hydrocafbon teo provide a catalyst for
hydrotreating and/or hydrocrackihg;a.hydrocarbon stream.
13.‘ A method according to claim 11 which comprises the
further step of hydrotreating and/or hydrocracking

hydrocarbon streams or tail gas treating sulfur-containing

This is the replacement sheet
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particles with el enental sul rature suel at sald el enent a
sulfur is incorporated in th d catalyst b subl i ma -and/ or

melting and at the same tine or sMsequently (b) Iwﬂ" Elg”/
ov

nmet al oxi de, which nmet hod ddnﬂiheresléa; aﬁlar@ant acting -said porous cat al yst

particles at a tenperature greater than 1500C in th e
hydr ocarbon which iss liquid at said tqu rature and whi ch cbnval
- 10% by melght of at | east one- hydrocarbbn of at |east 6 carbon atons and

COn e T kA W AR RE 5 ERY SRR I b e 9B
et al froﬁ&-.@@%ﬁ with the hydrotreating and/or hyd*oc*ack*ng or
| tail gas treating catalyst.
1@. A method accerding to claim 1 or 11 which con?:;ses
the further step of-loading.the catalyst into a
hydrotreating and/or hydrocracking,ofltail gas treating
reactor and heating the reactor up to a hydrotreatinq

and/or hydrocracking or tail gas.treating temperature of

from 100" to 425°C in the presence of hydrogen.

_This is the replacement sheét



“VIB and Group VIIl of the Periodic Table. 3. A net hod aCcording toclaim

1 wherein powdered sulfur is used in step (a). 4. A net hod -according to
claiml1l, 2 or 3 wherein step (a) is carried out before step (b) at a
tenperature of from90[err]C to 130[err]C. 5. A nmet hod according to any
one of the preceding clains wherein the anount of sulfur used in step (a)
Is*fromO.7 to 1.2 tines the stoichionetric anount required to- - 30 -
convert the netal or netal oxides t o 5% ies.

ABSTRACT

& METHOD OF PRESULFURIZING A CATALYST
The invention relates to an imprdved method of
presulfurizing a sulfidable metal or metal oxide-containing
catalyst which minimizes sulfur stripping upon start-up of
a reactor and improves catalyst activity. The method
comprises contacting porous particles of the sulfidable
. catalyst with elemental sulfur at a temperature such that
'said elemental sulfur is incorporated in the pores of said
catalyst by sublimation and/or melting and at the same time
or subsequentiy_heating-the catalyst particles in the
pfesence of a liquid olefinic hydrocarbon at a temperature

greater than 150°C.
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subsequent to step (a) at a tenperature of from 2
A nmet hod according to any one of the preceding el
of step (a) and/or step (b) is from0.1 to 10 hoyr

according to any one of the preceding ¢ a s where

“A qret hod according to claim1, 2 or 3 wherdi &g{ﬁmjx(rg)mg\gé
0

ein? the

“ERRd off

-t0 - 895 er ¢ CPeREd .m..

Huratﬁﬂﬁ 3.

A et hod v paged ...
sardihydracarboh bapmd .....

from8 to 25 carbon atons and contains at | east @ne ol efinic carbon- carbon

doubl e bond. 9. A nmet hod according to any one oAl Qf &Saliipy .

wher ei n sai d hyd"x‘i‘ﬁaéf' bfﬁb&%iglg”&-?ﬂa%tes' ¥5la WERLE bE' BredtITEr TG

doubl e bond al so contalins car

a metal oxide catalyst for use in hydrotreating and/or

hydrocracklng hydrocarbon feed stocks or in treating

5 sulfur-contalnlng effluent gas streams.

A hydrotreating catalyst is used to catalyze the

hydrogenation of hydrocarbon feedstocks, and most

particularly to hydrogenate particular components of the

feed stock, such as sulfur-, nitrogen- and metals-

10 containing organo-compounds and unsaturates. A

hydrocracking catalyst is used to crack massive and complex

petroleum derived molecules to provide smaller molecules

with the concomitant addition of hydrogen to the molecules.

A tail gas catalyst is used to catalyze the conversion of

15 hazardous effluent gas streams to less harmful products,

and most particularly to convert oxides of sulfur to
hydrogen sulfide which can be recovered and readily
converted to elemental sulfur.

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-

molybdenun, niékél-tungsten, and nickel-molybdenum,

supported usually on alumina, silica and silica-alumina,

25 including zeolite, carriers. Also, transition element

catalysts may be employed for these purposes. Catalysts

comprising at least one element selected from vV, Cr, Mn,




10: ‘A met hod according to any one of the preceding clains which conprises

the further step of heating the catalyst to a tenperature of from 200[err]C

to 4250C in the presence of hydrogen to cause the sulfur to react with the

metal oxides to produce netal sulfides and thereby provide a catal yst

suitable for hydrotreating and/ or hydrocracki ng a hydrocarbon stream or

tail gas treating a sulfur- containing gas stream 11. A nmet hod according

to claim 10 wherein heating in the presenge-of hydrogen is carried out at

| east in part in the presence of a hydrocarbon to provide a catal yst for

hydr ot r eat i n§restléuriyzdnge eadidypta dardnge axltal ystr edth organic
polysulfides.

US-A-4,117,136 discloses a method of catalyst
presulfurizing wherein a catalyst is treated with elemental
sulfur. Hydrogen is then used as a reducing agent to
convert the elemental sulfur to hydrogen sulfide in situ.

US-A-4,089,930 discloses the pretreétment of a
catalyst with elemental sulfur in the presence of hydrogen.

Prior art ex-situ methods of presulfurizing supported
metal oxide catalysts have suffered from excessive
stripping of sulfur upon start-up of a hydrotreating
reactor in the presence of a hydrocarbon feedstock. As a
result of sulfur stripping, a decrease in catalyst activity
or stability is observed.

The present invention provides a method of
presulfurizing porous particles of a sulfidable catalyst
containing at least one metal or metal oxide, which method
comprises

(a) contacting said porous catalyst particles with
elemental sulfur at a temperature such that said elemental
sulfur is incorporated in the pores of said catalyst by
sublimation and/or melting and at the same time or
subsequently _

(b) heating said catalyst particles at a
temperature greater than 150°C in the presence of a
hydrocarbon which is liquid at said temperature and which
contains above 10% by weight of at least one hydrocarbon of
at least 6 carbon atoms and containing at least one
olefinic carbon-carbon double bond.

The method of the invention minimizes sulfur



©o-0 3Lk - 12, A met hod according to claim11 which conprises the further
‘'step of hydrotreating and/or hydrocracki ng hydrocarbon streans or tail gas
treating sul fur-containing gas streans by contacting the streans in the
presence of hydrogen with the hydrotreating and/ or hydrocracking or tai
gas treating catal yst. 13. A nmet hod according to claim1 or 10 which
conprises the further step of IoadTn% The catalyst into a hydrotreating

and/ or hydroggragking or tai.l. treating.reactor and heatd f he reactor

up to a hydr% rg‘gfi g’gegélnaf/%orn%%aoécr‘a éi%%db 1P0 F*gz?fetsr‘b]at{]%?g“c%ﬂrper ature

of framilpR0C hoathdaPed udNE & SENGErQEaDYAEORY stoichiometric
requirement results in catalysts having enhanced

hydrodenitrification activity, which is an important

property of hydrotreating and first stage hydrocracking

L

catalysts. Thus, the amount of presulfurizing sulfur used
for incorporation into the catalyst wili typically range
from 0.5 to 1.5 times the stoichiometric amount, and
preferably from 0.7 to 1.2 times the stoichiometric amount.
10 For hydrotreating/hydrocracking and tail gas treating
catalysts containing Grouﬁ VIB and/or Group VIII metals the
amcunt of sulfur employed is typically 2 to 15%, preferably
6% to 12%, by weight of the catalyst charged. 1t is
preferred no:t to add sc much sulfur to the catalyst that
15 the pores are completely filled up. By leaving residual
pore volume, the olefin can penetrate the pores and react
~ therein.
The key step to the invention is to contact the
sulfur impregnatéd metal catal?st with a liquid olefin ac
20 - an elevated temperature and feor sufficient time at a
' temperature such that the olefin reacts and pravides a
sulfurized catalyst thaz is more resistant to sulfur
leaching than onre not contacted with an olefin.

The contact temperature is greater than 150°C and typically
24 is above 150°C to 350°C, preferably from 200°C to 325°C.

Contact times will depend on temperature and the vapor

pressure of the olefin, higher temperatures and higher

Dl LV



14. - A nethod according to any one of the preceding clainms wherein the
|'i qui d hydrocarbon contains at |east 30% by wei ght of said hydrocarbon
containing at | east one ol efinic carbon-carbon doubl e bond.

10

15

20

25

- 10 -
linear or cyclic, alpha or internz2l olefin. Similar
materials in the form of
di~, tri- and polyolefins may be used. Polycyclic olefins
and polyolefins may alsc be used. The readily available
combound dicyclopentadiene can be used.
The olefins may also be mixed with non-olefinic

hydrocarbons, such as alkanes or aromatic solvents.

The olefin content of any olefin-containing hydrocarbon
used in the process of the invention should be above
10%wt., and most preferably above 30%wt. Generally, higher

olefin contents are used,

say, about 50%wt, and most conveniently the olefin is used
in the undiluted forwm. The term "olefinic hydrocarbon" as
used herein refers to a hydrocarbon that contains olefinic
moiecules with or without the presence of non-olefinic

molecules. It is understood that the olefins may be

provided as olefin precursors which are converted to

olefins kefore or upon reaching the reaction temperature.
The mininum amount of olefin used should be such that
upcn reaction at elevated terxperature, a catalyst is
obtained that has reduced sulfur leaching properties. The
maximum amount of olefin used is detzrmined primarily by
economics. In a preferrec embodizernt the amount of
.olefinic hydrccarbon is used-that will just £ill the pore
volume of the sulfur impregnated catalyst or just slighbtly
less, dowp to 60 percent, preferably down to 8C percent of

the pore velum=. A preferred target range is from 80 to 95
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CLAIMS ST e s T

1. A method of presulfurizing porous particles of
a sulfidable catalyst containing at least one metal or
metal oxide, which method comprises

(a) contacting said porous catalyét particles with
elemental sulfur at a temperature such that said elemental
sulfur is incorporated in the pores of said catalyst by
sublimation and/or melting and at the same time or
subsequently

(b) heating said catalyst particles at a
temperature greater than 150°C in the presence of a
hydrocarbon which is liquid at said temperature and which
contains above 10% by weight of at least one hydrocarbon of
at least 6 carbon atoms and containing at least one |
olefinic carbon-carbon double bond.

2. A method according to claim 1 wherein the
catalyst contains at least one oxide of a metal from Group
VIB and Group VIII of the Periodic Table.

3. A methéd according to claim 1 wherein powdered
sulfur is used in step (a).

4. A method according to claim 1, 2 or 3 wherein
step (a) is carried out before step (b) at a temperature of
from 90°C to 130°C.

5. A mgthod according to any one of the preceding
claims wherein the amount of sulfur used in step (a) is

from 0.7 to 1.2 times the stoichiometric amount required to



L

- 30 -
convert the metal or metal oxides to sulfides.

6. A method according to claim 1, 2 or 3 wherein
step (b) is carried out subsequent to step (a) at a
temperature of from 200°C to 325°C.

7. A method according to any one of the preceding
claims wherein the duration of step (a) and/or step (b) is
from 0.1 to 10 hours.

8. A methéd according to any one of the preceding
claims wherein said hydrocarbon has from é to 25 cérbon
atoms and contains at least one olefinic carbon-carbon
double bond.

9. A method according to any one of the preceding
claims wherein said hydrocarbon containing at least one
olefinic carbon-carbon double bond also contains
carboxylate.

10. A method according to any one of the preceding
claims which comprises the further step of heating the
catalyst to a temperature of from 200°C to 425°C in the
presence of hydrogen to cause the sulfur to react with the
metal oxides to produce metal sulfides and thereby provide
a catalyst suitable for hydrotreating and/or hydrocracking
a hydrocarbon stream or tail gas treating a sulfur-
containing gas stream.

11. A method according to claim 10 wherein heating
in the presence of hydrogen is carried out at least in part
in the presence of a hydrocarbon to provide a catalyst for

hydrotreating and/or hydrocracking a hydrocarbon stream.
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12. A method according to claim 11 which comprises
the further step of hydrotreating and/or hydrocracking
hydrocarbon streams or tail gas treating sulfur-containing
gas streams by contacting the streams in the presence of
hydrogén with the hydrotreating and/or hydrocracking or
tail gas treating catalyst.

13. A method according to claim 1 or 10 which
comprises the further step of loading the catalyst into a
hydrotréating and/or hydrocracking or tail gas treating
reactor and heating the reactor dp to a hydrotreating
and/or hydrocracking or tail gas tfeating temperature of
from 100°C to 425°C in the presence of hydrogen.

14. A method according to;any one of the preceding
claims wherein the liquid hydrocarbon contains at ieast 30%

by weight of said hydrocarbon containing at least one

olefinic carbon-carbon double bond.



