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Particularly, many hydrocarbon processing catalysts, such as drotreatlng,
hydrocra@%?ﬁﬂ*éﬁﬂ tail-gas treating catal ysts which typlcaJIWC%%

sul fur and reduced catal ysts such as hydr,ogenation catal ysts can be

cl assified as spontaneously conbustible catal ysts. Some of the hydrocarbon
processing catal ysts can al so-be reduced catalysts. A hydrotreating
catalyst is used to catal yze the hydrogenati on of hydrocarbon feedstocks,

and nost parkEFRbEroY -fmbm&@g@p@&@mabﬁsgw @bMB‘QQ’@QﬁEﬁt enehiivRes
f eedst ock, such as sulfur-, nitrogen- and netal s-containing

or gano- conpoundenged Wnsehtiates. rélhydsocreski By aabEhyat icE usegdebe@iagack
large and spontaneously combu§tib1e catalysts and catalyst compositions
Iresulting from such treatment. In one aspect, the invention
5 relates to a process for preparing catalysts that produces
catalyst compositions with reduced self-heating characteristics.
In another aspect, the invention relates to hydrotreating and/or
hydrocracking processes.
A spontaneously combustible catalyst is any catalyst
10 composition which has a tendency to self-heat or combust in the
presence of air or oxygen at a temperature of 200°C or lower.
Particularly, many'hydrocarbon processing catalysts, such as
hydrotreating, hydrocracking and tail-gas treating catalysts
which typically contain sulfur and reduced catalysts such as
15 hydrogenation catalysts can be classified as spontaneously
combustible catalysts. Some of the hydrocarbon processing
catalysts can also be reduced catalysts.
A hydrotreating catalyst is used to catalyze the
hydrogenation of hydrocarbon feedstocks, and most particularly
20 to hydrogenate particular components of the feedstock, such as
sulfur-, nitrogen- and metals-containing organo-compounds and
unsaturates. A hydrocracking catalyst is used to crack large and
complex petroleum derived molecules to attain smaller moiécules
with the concomitant addition of hydrogen to the molecules. Such
25 hydrocracking catalyst includes catalysts used for residue
conversion units. A tail gas catalyst is used to catalyze the
conversion of 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
30 to elemental sulfur. A reduced catalyst is any catalyst that
contains a metal in the reduced state such as an olefin
hydrogenatien
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conpl ex pRig &feqsm derived nol ecules to attain smaller nol eculpesydokigadohe
concom tant addition of hydrogen to the nolecul es. Such hydrocracking
catal yst includes catal ysts used for resigue conversion units. Atail gas
catal yst is used to catal yze the conversion of hazardous effluent gas
streans to dasslyst.nfSuchr peétells, el hypicpilyi aeduded twitbnweertedd ey
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to el enent I's an catalyst that contal ns a
netal in th%ed‘é%ﬁﬁzeﬁa@hl’%tsﬁéﬁ &e a “Mléf F"ﬁ‘%‘;ﬁﬁ%g‘éﬁa?ﬁé’ﬁlany reduced.

Hydrogenation catalysts are well known and several are
5 commercially available. Typically, the active phase of the
catalyst is based on at least one metal of group VIIi, VIB, IVE,
IIB or IB of the periodic table, typically Pt, P4, Ru, Ir, Rh,
Os, Fe, Co, Ni, Cu, Mo, W, Ti Hg, Ag or Au, usually supported
on a support such as alumina, silica, silica-alumina or carbon.

10 Such reduced catalysts can be spon-taneocusly combustible.
Catalyst compositions - for hydrotreating and/or
hydrocracking or tail gas treating are well known and several
are commercially available, in particular metal oxide catalysts
including cobalt-molybdenum, nickel-tungsten, and nickel-
15 molybdenum, usually supported on alumina, silica and/or silica-
alumina, including zeolites and carriers. Other transition metal
element catalysts may be employed for these purposes, including
those containing at least one of V, Cr, Mn, Re, Co, Ni, Cu, ‘Zn,
Mo, W, Rh, Ru, 0s, Ir, Pd, Pt, Ag, Au, Cd, Sn, Sb, Bi and Te.

20 For maximum effectiveness the metal oxide catalysts are
converted at least in part to metal sulfides. The metal oxide
catalysts can be sulfided in the reactor by contact at elevated
temperatures with hydrogen sulfide or a sulfur-contaiming oil
or feed stock ("in-situ").

25 However, it is advantageous to the user to be supplied with
metal oxide catalysts having sulfur, as an element or in the
form of an organo-sulfur compound, incor-porated therein. These
presulfurized catalysts can be loaded into a reactor and brought
up to reaction conditions in the presence of hydrogen causing

30 the suifur or sulfur compound to react with hydrogen and the
métal oxides thereby con-verting them into sulfides without any
additional process steps. These presulfurized catalysts provide
an economic advantage and avoid many.of the hazards such as
flammability and toxicity, which the plant operator encounter

35 when using hydrogen sulfide, liguid sulfides, polysulfides
and/or mercaptans to sulfide the catalysts.
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2 catal yswo ®usksinetal s are typically reduced with a reduci ngCagisat/0484¢h as
hydrogen qr formc acid. The netals on these reduced catal yst may be fully
reduced or partially reduced. Hydrogenatlfbn cat al ysts are well known and

several are comercia val |l abl e. i cal t he a |ve hase of the
catalyst is basé&vﬁﬁagt‘x?éé%‘?sd#ep ‘%ﬂﬁ) a2 1YSE 479 B

of the perixpdwe.t aly@rotypatibhyy ﬂtanlstRu have F!beexOs ,prl_ﬁSanriMed Chy
M, W i Hg\co'g‘%o%atlgg S\%'i%l | Y o3t %051%95(1 into a porous catalyst prior to

hydrotreating a hydrocarbon feedstock, using, for example,

5 organic polysulfides, or elemental sulfur in which case hydro-
gen is used as a reducing agent to convert the elemental sulfur
to hydrogen sulfide in situ. U.S.-A-4,943,547 discloses sub-
liming elemental sulfur into the pores of the catalyst then
heating the sulfur-catalyst mixture to a temperature above the

10 melting point of sulfur in the presence of hydrogen which
activates the catalyst. WO-A-93/02793 discloses a method where
elemental sulfur is incorporated in a porous catalyst and at the
same time or subsequently the catalyst is treated with a liquid
olefinic hydrocarbon. |

15 However, these ex-situ presulfurized catalysts, which are
spontaneously combustible and may be pyrophoric or self-heating,
these two groups differing in the degree of spontaneous
combustion, must be transported to the user or plant operator.
Pyrophoric substances ignite, even in small quantities, within

20 five minutes of coming into contact with air whereas self-
heating substances ignite in air only when in large gquantities
and after long periods of time. Pyrophoric substances are
typically classified as Division 4.2 Packing Group I and self-
heating substances are classified in either Packing Growp II or

25 Packing Group III according to the test procedures recommended
in the Dangerous Goods Special Bulletin, April 1987, published
by TDG Ottawa, Transport Canada for Class 4, Division 4.2. These
spontaneously combustible substances must be packaged in a
United Nations designated 250 kg metal drum or in a smaller

30 package of 100 kg plastic fiber drum or even smaller.

It is clearly desirable to transport these presulfurized
catalysts in larger quantities such as in flow bins or super-
sacks but they must pass the test for spontaneously combustible
substances.

35 Further, some of the prior art ex-situ methods of presul-
furizing 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
a
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on a suppupty4Lssh as alumna, silica, silica-alumna or car bBAT/USHEN#3%4
reduced catal ysts can be spon-taneously conbustible. Catalyst
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" The present invention provides a composition comprising a
spontaneously combustible catalyst at least a portion of which
has been coated with a substance comprising at least one oxygen-
containing hydrocarbon having at least 12 carbon atoms; this can

10 be achieved by contacting the catalyst with the oxygen-
containing hydrocarbon at a temperature of at least 0°C. Such
composition has a reduced self-heating characteristic when
compared to the spontaneously combustible catalyst which has not
been coated. )

15 Further, the present invention also provides an improved
method of presulfurizing a sulfidable metal or metal oxide(s)-
containing catalyst which  suppresses self-heating
characteristics, which comprises :

(a) contacting said catalyst with elemental sulfur, a

20 sulfur compound or a mixture thereof at a temperature such that
at least a portion of said sulfur or sulfur compound is
incorporated in the pores of said catalyst by impregnation,
sublimation and/or melting; and |

(b) prior to, at the same time or subsequently comrtacting

25 said catalyst particles in the presence of an oxygen-contalnmg
hydrocarbon having at least 12 carbon atoms.

The method is particularly suitable for application to
hydrotreating and/or hydrocracking or tail gas treating
catalysts, for hydrocracking hydrocarbon streams.

30 Furthermore, the present invention provides a method of
unloading a catalyst during a halt in the operation of the
reactor wherein the catalyst in the reactor is contacted with
a mixture comprising an oxygen-containing hydrocarbon having at
least 12 carbon atoms prior to unloading.

35 It has been found that by treating a spontaneously
combustible catalyst by contacting with an oxygen-containing
hydrocarbon having at least 12 carbon atoms, the resulting
catalyst
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For maxi mum effecti veness the netal oxide catalysts are converted at |east
in part tQOBal¥7sul fides. The netal oxide catal ysts can bePS&&HYSIHEHPIn
the reactor by contact at el evated tenpergtures wi th hydrogen sulfide or a
sul fur-containing oil or feed stock ("in-Situ"). However, it is
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5 such as flow-bins, super-sacks, or sling-bins for example.

As used herein, a "spontaneously combustible catalyst(s)"
is any heterogeneous or solid metal(s)-, metal oxide(s)-, metal
sulfide(s)- or other metal compound(s)- containing catalyst,
optionally on a support which can be classified as a

10 spontaneously combustible substance according to the test
procedures recommended in the Dangerous Goods Special Bulletin,
April 1987, published by TDG Ottawa, Transport Canada for Class
4, Division 4.2 or has a onset of exotherm below 200°C as
measured by the self-heating ramp test des-cribed below. The

15 terms “metal(s)-", “metal oxide(s)-" and "“metal sulfide(s)-"
containing catalysts include catalyst precursors that can be
used as catalysts after further treatment or activation.
Further, the term "metal(s)" includes metal(s) in partially
oxidized form. The term “metal oxide(s)" includes metal oxide(s)

20 in partially reduced form. The term "metal sulfide(s)" includes
metal sulfide(s) that are partially sulfided as well as totally
sulfided metals.

It is understood that while the normal catalyst prepara-
tive techniques will produce metal oxide(s), it is poswible to

25 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

30 states will be considered as ‘'sulfidable metal oxide
catalyst(s)". Also the process of the instant invention can be
applied to regenerated catalysts which may have the metal
sulfide not completely converted to the oxides.

Other components such as carbides, borides, nitrides,

35 oxyhalides, alkoxides and alcoholates can also be present.

In one embodiment of the present invention, a spontane-

ously combustible catalyst is contacted with at least one

_—
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metal oxjgdes, ihereby con-verting theminto sul fides w thout papysggeisoi onal
process steps. These presul furized catal ysts provide an econon ¢ advant age
and avoid many of the hazards such as flgmmability and toxicity, which the
pl ant- oper at or encounter when using hydrogen sulfide, [liquid sulfides,
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to 150°C. Upon contact, the oxygen-containing hydrocarbon is
impregnated into the spontaneously combustible catalyst so that

5 the surface of the catalyst is coated with the oxygen-containing
hydrocarbon. For the purpose of definition, the surface of the
catalyst includes the external surface of the catalyst as well
'as the internal pore surfaces of the catalyst. The word
"coating” does not rule out some reaction as defined below.

10 The mechanism by which the oxygen-containing hydrocarbon
suppresses the self-heating characteristics of the spontane-
ously combustible catalysts is not known and will be referred
to, for convenience as “reaction" or %“reacts". 'l‘he suppressed
self-heating result can be readily determined without undue

15 experimentation by measuring the exothermic onset temperatures
for a specific rising temperature profile of catalysts sub-
jected to differing temperature/time treatments with and with-
out the oxygen-~containing hydrocarbon, as shown below.

When sulfur-containing catalysts are treated their sulfur

20 retention or activity is not substantially compromised. The
sulfided catalysts can be catalysts sulfided by an in-situ
presulfiding method or an ex-situ presulfiding or presulfuri-
zing method. Such catalysts can be fresh or oxy-regenerated, for
example, those disclosed in U.S.-A-4,530,917; 4,377,136;

25 4,089,930; 5,153,163; 5,139,983; 5,169,819; 4,530,917 or
4,943,547 or WO-A-93/02793, or reduced hydrogenation catalyst
such as disclosed in U.S. Patent No. 5,032,565.

The treatment can also be applied prior to, at the same
time or subsequent to presulfurizing a presulfidable metal or

30 metal oxide catalyst. Preferably the catalyst is heated after
contacting with elemental sulfur or a sulfur compound at an
elevated temperature and time sufficient to fix the sulfur onto
the catalyst. Such heating process can be before or after
treatment with the oxygen-containing hydrocarbon.

35 Generally, the catalysts of the present invention also

have enhanced resistance to sulfur stripping during startup in
a
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i ncor por #PrR§2847f ur corpounds into a porous catal yst prior £HTUSIH0439
hydrotreating a hydrocarbon feedstock, usjng, for exanple, organic
pol ysul fides, or elenental sulfur in which case hydrogen is used as a
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US.-A49 es sublimng el emental, sul fur into the ores of, the
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cat al yse i velsistianteni b adescribed below wherein toluene is used as
stripping agent. | )
Further, for reasons unknown for elemental sulfur-
incorporated catalysts, the percent retention of sulfur is
generally improved by the treatment, particularly for some high-
10 pore volume catalysts.
There are three general methods for carrying out the
presulfurising process.
In the first method porous catalyst particles are contac-
ted with elemental sulfur or sulfur compounds or mnixtures
15 thereof so as to cause the sulfur or sulfur compounds to be
incorporated into the pores of the catalyst by impregnation, by
sublimation, by melting or by a combination thereof to produce
“sulfur-incorporated catalysts."
The sulfur-incorporated catalyst particles are contacted
20 with the oxygen-containing hydrocarbon at temperatures and times
sufficient to cause the catalyst particles to exhibit suppressed
self-heating properties.
When using elemental sulfur, the catalyst is contacted at
a temperature such that the elemental sulfur is substantially
25 incorporated in the pores of the catalyst by sublimation and/or
melting. While the catalyst particles can be contacted with
sulfur in the molten state, it is preferred to first admix the
catalyst particles with powdered elemental sulfur and then heat
the mixture to above the temperature at which sublimation of the
30 sulfur occurs.
Generally the catalyst particles are heated in the presence
of the powdered elemental sulfur at a temperature greater than
"about 80°C. Typically the catalyst and powdered sulfur are
placed in a vibratory or rotary mixer and heated to the desired
35 temperature for sufficient time, typically 0.1 to 10 hours or
more, to allow for the incorporation.
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catal ysts, which are spontaneously combustible and nay be pyroyhoric or
sel f- heating, these two groups differi n@ in the degree of spontaneous
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sel f - heat ismiplsimadtiaryore ring cheratteristiest ¢ sulfur under the specific
5 conditions 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.
The sulfur-incorporated catalyst is then treated with the
oxygen-containing hydrocarbon, as discussed below.

10 The sulfur-incorporated catalyst may be further heated
before and/or after the oxygen-containing hydrocarbon treatment
at a temperature greater than about 150°C, preferably from 175°C
to 350°C and more preferably from 200°C to 325°C, to fix the
incorporated-sulfur onto the catalyst.

15 Preferred sulfur compounds include, for example, ammonium
sulfide, organic mono-, di- and poly-sulfides, dialkyl sulf-
oxides and compounds derived from these upon heating or reduc-
tion in the presence of the sulfidable metal oxide and mixtures
thereof. Examples of organic sulfides include poly-sulfides of

20 general formula R-S(n)-R' or HO-R-S(n)~R-OH wherein n is an
integer from 3 to 20 and R and R!' are independently organic
radicals of 1 to 50 carbon atoms such as ditert dodecyl
polysulfide and diethanol disulfide; mercaptoalcohols such as
2-mercaptoethanol;. alkylmercaptans such as n-butyl mexcaptan;

25 thioglycols such as dithiopropyleneglycol; dialkyl or diaryl
sulfides such as di-n-butyl sulfides and diphenyl sulfides;
dialkylsulfoxides such as dimethyl sulfoxide; and mixtures
thereof.

Before use, the sulfur compounds are typically impregnated

30 with an aqueous or organic solution such as a hydrocarbon or
non-hydrocarbon equivalent to light gasoline, hexane or gasoline
of white spirit type, for example as described in U.S.-A-
5,153,163; 5,139,983; 5,169,819; and 4,530,917. The resulting
catalysts are typically reduced by hydrogen, or other organic

35 reducing agent such as formic acid, methyl formate, ethyl
formate, acetaldehyde or methyl alcohol. The sulfur compound-
incorporated catalyst can be treated with the oxygen-containing

—_—
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Packi ng Ghougsasisor Packing Group |11 according to the test poyzeshdneD4
recomended i n the Dangerous Goods Special Bulletin, April 1987, published
by TDG Ottawa, Transport Canada for O assf4, Division 4.2. These

spont aneously conbusti bl e substances nust be packaged in a United Nations

desi gnat ed ¥%Frgeg k| bgfereor and/arsnafter phbRageedrctbonk SHeRstyrder
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presul furize %atglysts in larger quantities such as in flow bins or super-

sacks but * pass the test for spontaneously conbusti bl e substances.
In the second method, a porous sulfidable metal oxide-

5 containing catalyst is contacted with a mixture of powdered
elemental sulfur and/or a sulfur compdund and the oxygen-
containing hydrocarbon, preferably while heating the resultant
mixture to a temperature above about 80°C.

In this embodiment, the catalyst particles are contacted
10 with the elemental sulfur, preferably powdered, and/or at least
one sulfur compound and the oxygen~containing hydro-carbon
simultaneously. Other hydrocarbons such as olefins can be
optionally added simultaneously. A mixture of powdered ele-
mental sulfur and/or sulfur compound and oxygen-containing hy-
15 drocarbon is first produced. When elemental sulfur is used, the
ratio of hydrocarbon to sulfur by weight is typically from 1:2
to 30:1, preferably from 1:1 to 6:1. The mixture may be heated
to promote homogeneity, particularly if the hydrocarbon is not
liquid at ambient conditions or the mixture may be a suspension.
20 Toluene or other light weight hydrocarbon solvents may be added
to decrease the viscosity of the mixture. Increased heat will
achieve the same effect. When a sulfur compound is used as the
source of sulfur, the ratio of hydrocarbon'to sulfur compound
by weight is typically from 1:2 to 30:1. The mixture _is then
25 added to a preweighed catalyst sample and mixed. When a mixture
of elemental sulfur and sulfur compound is used as the source
of sulfur, a ratio of hydrocarbon to total sulfur and by weight
from 1:2 to 30:1 is suitable.
When, elemental sulfur is at least partially used, the
30 mixture is then heated to incorporate sulfur at a temperature
of above about 80°C. The times and temperature can be the same
as in for the first embodiment. When sulfur compounds are used
the catalyst can be reduced as above for the first embodiment.
In the third method, a porous sulfidable metal oxide-
35 containing catalyst 4is <£first contacted with the oxygen-
containing hydrocarbon before the presulfurization step. The
resultant mixture can be optionally heated to a temperature
above about room . |
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start-up ohydrocarbon to allow it to impregnate the catalyst. The catalyst
and/or oxygen-containing hydrocarbon is preferably heated to at
least a temperature where the hydrocarbon becomes liquid or
5 semi-fluid. The hydrocarbon treated catalyst is then
presulfurized by contacting with elemental sulfur and/or sulfur
compound as described for the first method. Optionally, the
hydrocarbon-treated presulfurized catalyst can be heated during
the sulfurization step or after impregnation of sulfur compounds
10 regardless of prior heat-treatment. The catalyst should
preferably be heated at some point after contacting with the
sulfur at a temperature above about 150°C so as to fix the
sulfur on the catalyst.

The catalyst is preferably treated with the oxygen-
15 containing hydrocarbon after sulfur and/or sulfur compound
incorporation for superior suppression of self-heating
characteristics. If the sulfur and/or sulfur compound and the
hydrocarbon are contacted with the metal or metal oxide(s)
catalet simultaneously, it is preferable that the catalyst is
20 contacted in such a manner which allows the sulfur and/or sulfur
compounds to be incorporated or impregnated into the pores of
the catalyst prior to the catalyst reacting or being coated with

the hydrocarbon at a temperature of above 80°C.

In any of the above methods the amounts of sulfur o¥ sulfur
25 compounds used will depend upon the amounts of catalytic metal
present in the catalyst. Typically the amount used is determined
on the basis of the stoichiometric amount of sulfur or sulfur
compounds required to convert all of the metal on the catalyst
to the sulfide form. For example a catalyst containing
30 molybdenum would require two moles of sulfur or mono-sulfur
compounds to convert each mole of molybdenum to molybdenum
disulfide. On regenerated catalysts, existing sulfur levels may
be factored into the calculations for the amounts of elemental
sulfur required.
35 It has been found that the addition of presulfurizing
sulfur in amounts down to about 50 percent of the stoichiometric
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hydr ot r eglg gxgpsfgactor in, the presence of a hydrocarbon feegetramss/o494a
result decrease in catalyst activity or stability is observed and there can
be fouling of downstream equi pnent. Therefore, it is an object of the
present invention to treat spontaneously conbustible catalysts in a manner
to suppreseqiisienandl f nesalitsy ghopeptrdystehehpvineont enhanaefonhydoodees a
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amount of presulfurizing sulfur used for incorporation into the

5 catalyst will typically be from 0.2 to 1.5 times, and preferably
from about 0.4 to about 1.2 times the stoichiometric amount.

For hydrotreating/hydrocracking and tail gas treating

catalysts containing Group VIB and/or Group VIII metals the
amount of presulfurizing sulfur employed is typically 2% to 15%,

10 and most preferably, 6% to 12%, by weight of the catalyst

charged. It is preferred not to add so much sulfur or sulfur

compound to the catalyst that the pores are completely filled

up. By leaving residual pore volume, the oxygen-containing

hydrocarbon can penetrate the pores and react therein.

15 The key step in the present invention is to contact the

catalyst with an oxygen-containing hydrocarbon héving at least

12 carbon atoms for a sufficient time such that the hydrocarbon

impregnates (or reacts) with the catalyst and provides a

catalyst that is less spontaneously combustible and, for a

20 sulfurised catalyst, is more resistant to sulfur leaching than

' one not contacted with the hydrocarbon. Typically the contact

temperature is greater than about 0°C, desirably from 15°C to

350°C, preferably from 20°C to about 150°C. The contact

temperature will vary depending on the melting poiht or

25 sublimation temperature of the hydrocarbon. For example, when

the oxygen-containing hydrocarbon is a solid or a semi-solid

such as lard, the temperature should preferably be at least as

high as the melting point for a time sufficient for the catalyst

to flow freely (appear "dry" and not stick or clump), i.e. it

30 is liquid or semi-fluid, to enable the hydrocarbon to coat

and/or impregnate the catalyst. Lard, for example, is preferably

contacted at a initial temperature of about 80°C. The process

temperature can be readily determined by the melting point of
the so0lid or semi-solid at a given pressure environment or
35 visually by checking if the oxygen-containing hydrocarbon flows.
Contact times will depend on temperature and the viscosity of

the oxygen-containing hydrocarbon, higher
————
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on  a por ¥is9€EpPort, at least a portion of which has been c&&T&F* PR a
subst ance ,conpri sing at | east one oxygen-_containing hydrocarbon having at
| east- 16 carbon atonms and havi ng an i odi+® val ue of at Ieast 60; this can

be achi eve contacting the .catalyst w.th,t.he ox n- nin
hydr-ocar boﬁ 5¥ Rt %rmrdf’gat s?(’@gs‘EO[«?r‘?n]eE ggéchhég 55|Y’r%ﬁ°§1’a§1’a
reduced seréqheaing\g lohgeacttdmiest. cInhagersaradar bdmes tvisl s poangeedosimy 2
conbust i blﬁfhﬁé{:@sy‘t?&di’"{“&ﬁg‘aér dé)een coated. Further, the present

es |

i nvention a rovi roved net hod of presulfur|2|ng a sul fidable
metal or met al efesak)y the oxygen-containing hydrocarbon is- suffi-

5 ciently flowable or sublimable to give sufficient contact with
the catalyst. A hydrocarbon which is liquid at the elevated
temperature of contact is more preferred for ease of handling.
It is preferred that the hydrocarbon is a higher hydrocarbon,
i.e., one having greater than twelve, preferably greater than

10 sixteen, and more preferably greater than twenty carbon atoms.
The upper carbon nunber is determined by the melting point,
solidification point, or smoke point of the hydrocarbon in
guestion. While solid fatty oxygen-containing hydrocarbon having
carbon numbers greater than 100 can be used, they are inconven-

15 ient since they must be heated to such a high temperature in
order to be converted into a liquid, although they can be used
with a solvent. Hydrocarbons with carbon numbers from 12 to 100,
preferably from 16 to 80 are found most useful. .

The term “oxygen-containing hydrocarbon" as used herein

20 refers to hydrocarbon molecules containing at least one oxygen
atom, which includes, for example, acids, acid esters, alcohols,
aldehydes, ketones and ethers. Mixtures may be used such as acid
esters and alcohols, and different acid esters. It can be
primary, secondary or tertiary, straight or branched_ chain,

25 cyclic, acyclic or aromatic, saturated or unsaturated.
Preferably, the hydrocarbon moiety contains at least -some
unsaturation for superior activity as a hydrotreating,
hydrocracking or tail gas treating catalyst, typically an
unsaturated fatty acid ester. The term "unsaturated" as used

30 herein refers to hydrocarbon molecules containing at least one
carbon~carbon double bond or.compound({s) containing some carbon-
carbon double bond and will have an iodine value of at least 60
measured by standard iodine measuring techniques such as
American Oil Chemist Society (A0CS) Official Method Cd 1-25 or

35 IUPAC Method 2.205 described in International Union of Pure and
Applied Chemistry, 7th ed., Blackwell Scientific Publications
1987 or any other standard iodine measuring techniques. The term
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cantalnln catal yst whi ch suppresses sel f-heating characteri h
conprlsek‘)?ﬁﬁﬂ‘ycontacting said catal yst with el ement al suI?%ﬁﬁggu&Q'fur

conmpound or a mixture thereof at a tenpeégture such that at |east a portion
of said sulfur or sulfur conpound is incorporated in the pores of said

catal yst by 1 pLeonadi ong [Jrety, 9P 8/ Qo dgRld | NG, aBSiy(;Q}n-con"t'a‘i'iu

at the sane ?lne or subsequenﬁ con actln salégcatal particl.es |nygke
presence Ofydnoexylemn- %QRPQNm#ﬁgCQ?EFéﬁaﬂgoﬁohﬁérhsnaFaF§§§t dpgbler Hopds

atonms and Havidihdithd @ B8ntalita nef miAinh2364rBEn-carbon double bonds and

have a iodine value of less than 60 measured by AOCS Official

5 Method Cd 1-25, IUPAC Method 2.205 or any other standard iodine
measuring techniques. '

Preferred hydrocarbons include those having at least 12,
preferably 16, more preferably 20 carbon atoms for example,
higher alcohols such as dodecanol, hexadecanol, farnesol, hexe-

10 strol, oleyl alcohol, cetyl alcohol, hexacosanol, triécontanol,
cocceryl alcohol and octacosanol; higher ethers such as dicetyl
ether; higher ketones such as palmitone, 10-hydroxypalmitone and
3-octadecanone; higher aldehydes such as palmitaldehyde and
olealdehyde; higher acids such as saturated acids such as

15 lauric, myristic, palmitic, stearic, and docosancic acids or
unsaturated higher acids such as palmitoleic, oleic, linoleic,
linolenic, eleostearic, ricinoleic, eicosenoic, docosenoic,
eicosatetraenoic, eicosapentaenoic, decosapentaenoic and
docosahexaenoic; higher acid esters including mono-, di-, tri-

20 and poly-fatty acid esters including alkyl and aryl esters of
the above acids (e.g. benzyl oleate and butyl oleate) and esters
of the above acids with mono-glyceride, di-glycerides and
triglycerides and mixtures thereof. Glyceride fatty acid esters
having from 16 to 100, more preferably 18 to 90, most preferably

25 20 to 80 carbon atoms are preferred. _

Examples of commercial glyceride fatty acid esters intlude
soybean oil, linseed o0il, safflower oil, corn oil, sunflower
oil, cottonseed o0il, olive o0il, tung oil, castor oil, rapeseed
oil, tall oil, peanut oil, coconut oil, palm oil, canbra oil,

30 perilla oil, lard, tallow, marine fat or oil such as fish fét
or oil (e.g. herring and sardine), vegetable residues and mix-
tures thereof. Some examples of commercial higher alcohols in-
cludes alkanol mixtures such as NEODOL alcohols (Shell Chemical
Company), including mixtures of Cy,Cy and C; alkanols (NEODOL

35 91), mixtures of C;,, and C;; alkanols (NEODOL 23), mixtures of Cp,
Cs, C and C;s alkanols (NEODOL 25), and mixtures of Cj, and Cis
alkanols (NEODOL 45); the ALFOL Alcohols (Vista Chemical

Company), including
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1/25157 $94/04394
The net hod*P¢ p%}tlcularly suitable for application to hydroﬂﬁgé I'ng and/ or

hydrocracking or tail gas treating catalyghs, for hydrocracking hydrocarbon
streans. Furthernore, the present invention provides a nmethod of unl oading

a presulfurmaadugbssutfcgednaamglaruaﬁbusrnAEFdEﬂﬂ01Z)1ﬂ%ixﬁu¥éﬁloin0§fahae
e R Y L et AT IR
atons prior 16a8) and mixtures of Cy, Cj, and Cy alkanols (ALFOL 1620); the
EPAL Alcohols (Ethyl Chemical Company), including mixtures of

5 €y and C;, alkanols (EPAL 1012), mixtures of ¢,, and C;, alkanols

(EPAL 1214) and mixtures of Cy, Cy, and C;, alkanols (EPAL 1418);

"and the TERGITOL-L Alcohols (from Union Carbide Corporation),

including mixtures of C,,, C;, Cy and C;s alkanols (TERGITOL-L

125). Suitable commercially available alkanols prepared by the

10 reduction of naturally occurring fatty acid esters include, for
example, the CO and TA products of Procter and Gamble Company
and the TA alcohols of Ashland Oil Company. Higher oligomers
and polymers of polyols such as alkylene glycols are also
suitable as higher alcohols.

15 Optionally, the oxygen-containing hydrocarbon treated
catalyst can be further treated with or simultaneously treated
with, or treated prior to the hydérocarbon treatment with olefins
to enhance catalytic activity in hydrocracking, hydrotreating
or tail gas treating. The term "olefin" as used herein refers

20 to hydrocarbons containing at least one carbon-carbon double
bond. The olefins may be monoolefins or polyolefins, cyclic or
acyclic, 1linear or branched. Suitable monoolefins include
decene, undecene, dodecene, tridecene, tetradecene, pentadecene,
hexadecene, heptadecene, bctadecene, nonadecene and eigosene,

25 whether branched, linear or cyclic, alpha or internal olefin.
Similar materials in the form of di~-, tri- and polyolefins may
be used. Polycyclic olefins and polyolefins may also be used.
Dicyclopentadiene is found useful. The oxygen-containing
hydrocarbons may also be mixed with other hydrocarbons, such as

30 alkanes or aromatic solvents.

In general, for superior activity of the catalyst upon
start-up in the plant, the weight percent of the unsaturated
compounds of any hydrocarbon used in the process (including
unsaturated oxygen-containing hydrocarbon and olefin) should be

35 above about 5%wt., preferably above about 10%wt., and most
preferably above about 30%wt. Generally, a higher weight percent
of unsaturation compounds is used, say gbove.about 50%wt; most

—_—

—
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uril oadi ngYO B#/251&% been found that by treati ng a spont aneous| FCEBIBHIBP DI e
catal yst by contacting with an oxygen-containi ng hydrocarbon havi ng at
| east 16 carbon atons, the resulting cat aPyst has suppressed seIf heatl ng

O S SnED yTEl SoLeht Af % hAASTSt G2 Y BFrvone
spont aneoudkyloosbts{uid Plueéd | fiorim hndbtmly axrmumtm csdygmeebontamrymg
Snr? ERSSRSGALIC bl B, S HOR! A ol A0 Ivd et 1o
treated with oleflns and oxygen-conta:.n:.ng hydrocarbons, the
5 unsaturation may be provided from olefin alone using saturated
oxygen-containing hydrocarbons or from | olefin and some
unsaturated oxygen-containing  hydrocarbon. of course,
unsaturated oxygen-containing hydrocarbon alone without olefins
can also be used. It is to be understood that the oxygen-
10 containing hydrocarbons may be provided as oxygen-containing
hydrocarbon precursors which are converted to the oxgyen-
containing hydrocarbon before or upon reaching the reaction
temperature such as, reacting lower molecular weight acids (e.g.
lower than C;, acids) with glycerol to form & higher triglyceride

15 acid ester.

The minimum amount of oxygen-containing hydrocarbon used
should be such that the catalyst obtained that is 1less
spontaneously combustible. The wmaximum amount of oxygen-
containing hydrocarbon used is determined primarily by

20 economics. In a preferred embodiment the amount of substance or
mixtures containing the oxygen-containing hydrocarbon is used
that will just £ill the pore volume of the impregnated catalyst
or just slightly less, down to about 50 percént . preferably down
to about 70 percent of the pore volume. A general range-is from

25 50 to 95, more preferably from 70 to 90, percent. A preferred
target range is from 80 to 95 percent although greater than 100%
hydrocarbon can be used. In this manner, the treated catalyst
will be "dry" (flow freely) and is more convenient to handle.

The presulfurized catalyst obtained by the above

30 presulfurization process may be converted to sulfided catalysts
by contact with hydrogen at temperatures of at least about
200°C, preferably from 200°C to 425°C, or 450°C for, say, 0.5
hours to up to 3 days. .

In preferred operation the presulfurized catalyst is loaded

35 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 (hydrotreating and/or
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i s"any hetemaegarsgous or solid netal (s)-, nmetal oxide(s)-, nmeRGIUSHEBHe(S) -
or other netal conpound(s)- containing catalyst whi ch |s on a support

whi ch can be classified as a spontaneous¥9 conbusti bl e substance accordi ng
to the test grocedures recommended in the Dangerous gds Special Bulletin,

Apri| 1987PYPRBFFaRKENBy DG ERthwad2%r aFEPRFtPEANaG8PC b1ORFasEC, Cause
Di vi.si on 4a2thabaSnaafoﬁBetc@iahysthEha1hetam/aﬁmﬁesrkﬁﬁaﬁydraganeﬂehytthe

el et iy fndinny D UM R (BRI e,
pr ecur sor scahalystrpdiees uddhsaproduglipgt lsydrogenf s,r-nlfme i 'eatar mndometal
activatsOngyifides. In the hydrotreating and/or hydrocracking process, a
| hydrocarbon feedstock flow may be started simultaneously with
-the hydrogen or later.
The process of the present invention is further applicable
to the sulfurizing of spent catalysts which have been oxy-

10 regenerated. After a conventional oxy-regeneration process, an
oxy-regenerated catalyst may be presulfurized as would fresh
catalyst in the manner set forth above.

The instant invention also provides a method for
stabilizing (less spontaneouly combustible or reducing the self-

15 heating characteristics) a supported metal catalyst containing
elemental sulfur, particuiarly a Group VIB and/or Group VIII
metal catalyst, by contacting the catalyst with an oxygen-
containing hydrocarbon at a temperature and time sufficient to

_ impregnate and/or to react with the catalyst.

20 In applying the oxygen-containing hydrocarbon to the
catalyst, the oxygen-containing hydrocarbon can be added in
batches and mixed or added continuously by spraying the catalyst
with the oxygen-containing hydrocarbon.

The inventive process is particularly suitahkle for

25 application to hydrotreating and/or hydrocracking or tail gas
treating catalysts. These catalysts typically comprise Group VIB
and/or Group VIII metals supported on porous supports such as
alumina, silica, silica-alumina or zeolite; they can be prepared
by techniques described in e.g. U.S.-A~-4,530,911, 4,520,128 and

30 4,584,287. Preferred hydrotreating and/or hydrocracking or tail
gas treating catalysts contain a group VIB metal selected from
molybdenum, tungsten and mixtures thereof and a Group VIII metal
selected from nickel, cobalt and mixtures thereof, supported on
alumina. Versatile hydrotreating and/or hydrocracking catalysts

35 which show good activity under various reactor conditions are
'alumina-supported nickel-molybdenum and cobalt-molybdenun
catalysts

—
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Furt her WO 267 m "netal (s)" includes metal (s) in partial | yPEXUPYER or m
The term "net al oxi de(s)" includes netal,.,oxide(s) in partially reduced
form THe term "netal sulfide(s)" includes netal sulfide(s) that are

partially %H' fkgﬁﬁlﬁé %‘ﬁ%ﬁo?ﬁeé ot dyy f%éifﬁ&eﬂﬁﬁala%d rﬁ@:ﬂél-]tﬁmqﬁten

under st 0od t hat nor nal cata yst preparative techniques w
produce negiRlysitga( sfhosphorus is sometimes added as a promoter. A

versatile tail gas treating catalyst which shows good activity
under various réactor conditions is an alumina-supported cobalt-
5 molybdenum catalyst.

Hydrotreating catalysts which are spec1f.1ca11y designed for
hydrodenitrification operations, such as alumina-supported
nickel-molybdenum catalysts, presulfurized or presulfided as
described have equal activities, particularly hydrodeni-

10 trification activities, compared with catalysts without the
oxygen-containing hydrocarbon treatment. Hydrocracking catalysts
such as nickel-molybdenum or nickel-tungsten on a zeolite or
silica-alumina support presulfurized as described provide
increased liquid yield over catalysts without the oxygen-

15 containing hydrocarbon treatment. Thus, the invention is also
an improved hydrotreating and/or hydrocracking process which
comprises contacting at hydrotreating and/or hydrocracking
conditions a hydrocarbon feedstock and hydrogen with a catalyst
which has been presulfurized as. described and which has been

20 heated to hydrotreating and/or hydrocracking temperature in the
presence of hydrogen and optionally a hydrocarbon feedstock.
The ability to avoid instantaneous combusting provides the
presulfurized catalysts with a significant commercial advantage.

The ex-situ presulfurization method of this invention

25 allows the hydrotreating, hydrocracking and/or tail gas treating
reactors to be started up more quickly compared with the in-situ
operation by eliminating the presulfiding step. Further, the
presulfurized catalysts of the invention can be handled more
conveniently than the conventional ex-situ presulfurized

30 catalysts. Thus, the instant invention provides a process for

~starting up a hydrotreating and/or hydrocracking reactor, which
comprises loading the catalyst presulfurized as described herein
into the reactor and activating the catalyst by heating the
reactor to operating conditions in the presence of hydrogen and

35 optionally a hydrocarbon feedstock. Further, it has been found
that catalysts activated by heating the catalyst in the presence
of hydrogen and at least one

—
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possi bl e o oukkisize special preparative techniques to producBCTRSIEeBa ytic
nmetals in_a reduced form such as the zero valent state. Since netals in
the zero valent state will be sulfided a3®wel|l as the oxi des when subjected

to sulfiding conditions, catal ysts cont.ai ni ng sych sul f.idabl e .netal en
in reduced£6PASEPEXy BFe HY STOSRELAR avﬂé‘gcﬁ‘ngﬁ° grlé‘(? RpoIng, &Y olaﬁﬂsgt ??Ec‘le"\é'

oXi .F? gat apyskteshbly Avemt 1@ °py,00858e Ofpridferiakdyanfromv@siiqyn tan 4deC,

conpl ot el y PESRSEREQY (5 ( RCRE! . SCPREPheBiso Rz ies By Jive, tickdasea

bori des, nitieildss comparald duos,gas kaxt ifeateddcatadrstst eSuchn haldnpdsgrbons

present 4 include, for example, jet fuels, kerosines, diesel fuels,

gasolines, gas oils, residual gas oils and hydrocarbon feed

streams (feedstocks). The catalysts are suitably activated at

a tenmperature from 25°c to 500°C, preferably to 450°C, and a

hydrogen pressure of from 50, preferably 350, to 3000 psig. The

10 hydrocarbon rate will typically have a liquid hourly space

velocity ("LHSV") from 0.1, preferably from 0.2, to about 20,
preferably 15, more preferably 10, hrt.

Hydrotreating conditions typically comprise temperatures

from 100°C to 450°C, preferably to 425°C, and pressures above 40

15 atmospheres. The total pressure will typically range from 400
to 2500 psig. The hydrogen partial pressure will typically
range from 200 to 2200 psig. The hydrogen feed rate will
typically range from 200 to 10000 standard cubic feet per barrel
("SCF/BBL"). The feedstock rate will typically have a liquid

20 hourly space velocity ("LHSV") from 0.1 to 15.

Hydrocracking conditions typically comprise temperatures
from 100°C, preferably from 150°C, more preferably from 200°C,
to 500°C, preferably to 485°C, more preferably to 450°C, and

pressures from 40 atmospheres. The total pressure will t¥pically
25 be from 100 to 3500 psig. The hydrogen partial pressure will
typically range from 100, preferably from 300, more prefefably
from 600 psig, to 3500, preferably to 3000 psig. The hydrogen
feed rate will typically range from 1000, more preferably from
2000, to 15,000, more preferably to 10,000, SCF/BBL. The
30 feedstock rate will typically have a LHSV from 0.05, preferably
_from 0.1 to 20; preferably to about 15, more preferably to about
10. First stage hydrocrackers, which carry out considerable
hydrotreating of the feedstock may operate at higher tempera-
tures than hydrotreaters and at lower temperatures than second

35 stage hydrocrackers.
Tail gas treatment reactors typically operate at temp-
eratures ranging from 100°C, preferably from 200°C, to about
450°C, preferably 400°C and at atmospheric pressure. Typically

0.5 -_—
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| n one eny fas: E.; of the present invention, a presulfurized P(ET/%EM/MQ@F
cat al yst i ch has a tendency to self-heat or combust in the presence of
air or oxygen at a tenperature of 200[ergpC or |ower and which catalyst is
supported on a porous support, is contacted with at |east one 7

oxygen- contai BRngdlydrax atihentat 1a gapPedt tbe tife ed@ast @DDUL OMPITilse

preferablyhﬁar$§gﬁf &éégéglgzégsgéggeﬁghgiyaggaggr%elocities of the tail

gas through the reactor will range from 500 to 10,000 hr =,

Claus unit feed or tail gas can be used to start up the

5 catalysts. Supplemental hydrogen, as required, may be provided

by a gas burner operating at a substoichiometric ratio in order
to produce hydrogen.

In another embodiment of - the invention, catalysts in a

refining or a chemical plant reactor such as hydrocracking,

10 hydrotreating, tail gas treating, hydrogenation, dehydrogenation
isomerization and de-waxing can be treated with the oxygen-
containing hydrocarbon and optionally carrier oil including feed
oil and/or fused-ring aromatic hydrocarbons before unloading
from the reactor, typically when operation is suspended, stopped

15 or halted by terminating the refining or chemical reaction, for
example by terminating the feed or by lower temperature, the
process provides a method of safely unloading the catalysts with
minimal catalyst oxidation and deterioration. The oxygen-
containing hydrocarbon-containing mixture (mixture can be

20 undiluted oxygen-containing hydrocarbon) penetrates to the
surface of the catalyst and diffuses into the pores of the
catalysts at the temperature in the reactor after suspension (or
stopping) of its operation, and %“coats" the catalyst with a
£ilm, -..

25 It is preferred that the temperature within the reactor
column be lower than the smoke point or boiling point (at the
reactor operation pressure) of the oxygen-containi_ng hydrocarbon
when the mixture is added to the catalyst in the reactor. Thus,
-after the operation of the reactor is stopped, the feed and/or

30 catalyst can be cooled from the operating temperature by
allowing the reactor to equilibrate with <the ambient
temperature, recycling or by passing feed through a cooling
unit. The feed to the reactor can optionally be shut off. For
many of the oxygen-containing hydrocarbons, the temperature of

35 the reactor and/or catalyst is preferably 1less than about
175°C, more preferably 1less than about 125°C when the

hydrocarbon is contacted with the catalyst at atmospheric
pressure. If the hydrocarbon is contacted with the

his Sheet Has Been Reﬂlaced
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preferabh® BB r|C to 150[err]C.  Upon contact, the oxygen EGASAMRI*AY
hydrocarbon is inpregnated into the catgpyst so that the surface of the
catal yst is coated with the oxygen-contai ni ng hydrocarbon. For the purpose

of defini EEQQZLgEtEe SUT kae9albal Needdt st Y Prddmliuies the extaenst awd/aze of
the catalyst a5 well as the internal ROI’E surfaces of the catalyst. The
wor d " coafRtglyssctenBeratipees fam e FEQ@Fi’o’ﬁhﬁsc‘aﬁF?ﬁEdt?f&?ﬁ%t"Fﬁ% can

melcpaﬂi S{T‘_bay awhil@h, ta[*gem@ygﬁnﬁmtrﬁ%]rﬁy Pt'teﬂﬂiéuyﬂtﬁﬁer Ibern 1swep.eIhes datalyst
sel f-heati,ng . charagteri stic e ont ane; ' a
e ansa SR haBRl a5, b ARER R BT L

"reacts". tbhabsugpreseed |

The oxygen-containing hydrocarbon mixture can be introduced
into a reactor column after suspension of reactor operation. The
mixture can be added to a batch containing the catalysts or to
a recycle stream. Optionally, heavy o0il or any similar raw

10 material from the reactor columns can be removed before adding
the hydrocarbon. The catalyst is coated with the hydrocarbon
upon contact and incorporation, thus enhancing the safety of the
unloading operation by protecting the catalyst against oxidation
and rendering the catalyst less spontaneously combustible.

15 A mnmixture containing the oxygen-containing hydrocarbon
preferably in an amount from 1 to 100 weight percent of the
mixture is contacted with the catalyst in the reactor for a time
effective to coat the catalyst and reduce the self-heating
characteristics of the catalyst. Preferably the mixture should

20 be used in an amount sufficient to coat the surface of the
catalyst.

The oxygen-containing hydrocarbon may be applied in
admixture with a fused-ring aromatic hydrocarbon and/or a
carrier oil. Preferable fused-ring aromatic hydrocarbon include

25 for example, any fused-ring aromatic hydrocarbon containing at
least 2 rings, preferably 2 to 4 rings, such as naphthalenes
such as alkylnaphthalene; anthracenes such as alkylanthracene;
and pyrenes such as allylpyrene. Such fused-ring aromatic
hydrocarbons may be unsubstituted or substituted for example

30 with alkyl or aryl moieties. Carrier oil can be any hydrocarbon
stream used in refining operations or a blend thereof having a
flash point of above about 38°C. Preferably carrier oil includes

straight-run heavy gas oil (HGO), vacuum gas oil (VGO), diesel
oil and the like.

35 The oxygen-containing hydrocarbon and optionally
fused-ring aromatic hydrocarbon and/or carrier oil can be added
through separate lines then mixed or added-after being mixed.

If desired, the mixture can be heated with any heating means
such as a heating ““-~‘-“\“N__~‘
| ' : Thi,s fect Has €en Replace,
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sel f - heatWA@4R8SAI t can be readily deternined without undue BXPESPHERPHL I on
by neasuring the exotherm c onset tenper %ures for a specific rising
temmrﬂureprdileofcauﬂyms mm jeCted to differing tenperature/tine

b e EhRe 8T ih et | E QXN AENCERD BIT NG OXT0RENGR,  £5 THAV

- bel ow. V%eﬁug FFar - 26N ai ni ng ta 3 are treate therr ré retention
or act|V|tgessrﬁéttsmpsrahurally conpron1sed The sul fided catal ysts can .

be catalysts sulphidggh diye f8h Wil h%wpbésﬂﬁhgtﬂﬂtgatb?ctl@é 81 W4itid hon-
presul fiding or presulfuri- zing nethod. Such catalysts can be fresh or

oxy-r egenel aR&ABINGoEXaRBARFe, those disclosed in U S -A-4,530,917;
4,177, 186; gxample I:

This Example demonstrates the case where the catalyst is
first presulfurized and then treated with oxygen-containing
hydrocarbon.

art A: Sulfur impregnation
i0 A commercial hydrotreating catalyst having the
properties listed below was used.
Table 1: Catalyst Properties

Nickel 3.0 twt
Molybdenum 13.0 twt
15 Phosphorous 3.5 %wt
Support - gamma alumina
Surface Area, m2/g 162
Water Pore Vol., cc/g 0.47
Size 1/16 inch trilobes
20 250 Gram of the above sample was dried at 371°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 at 85°C to produce a sulfur level of about 10% by weight.
The sulfur was allowed to coat the catalyst and then thé& flask,
25 which was provided with a slow nitrogen purge and placed in a
heating .mantle, was further heated to 120°C for 30 minutes.
bDuring this period the flask was vibrated continually to provide
mixing of sulfur and catalyst. The final sulfur level was about
10% by weight of the total catalyst. The water pore volume of
30 the sulfur-impregnated catalyst was determined to be about 0.37
cc/g.
Part B: Oxygen-containing Hydrocarbon Reaction and
Comparative Examples
The sulfur-impregnated catalyst from Part A was impregnated
35 with the various oxygen-containing hydrocarbons listed in Table

2. Catalyst from Part A was also impregnated with Diesel and
Neodene 14/16/18 alpha-olefins as comparative examples.

/__’____,_
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r 15157 4394
4,089, 930V0 %4285 163. 5,139,983; 5,169,819; 4,530,917 or 4 843 BAT or
WO A- 93/ 02793, or reduced hydrogenation gatal yst such as disclosed in US
Pat ent No. 5,032;565. The treatnent can also be applied prior to, at the

sane tine gf
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oxi de catalyst.. Preferably the catalyst is heated after contacting with
FiratRd B ]

el ement al

%ul fur conpound at an el evated tenperature and tine

suf fi ci ent (poré i xolinse sof f catahystt frovaPargs®) (8Q¥0H admstrf froket efin

be before
General ly,
5

10

15

20

25

30

35

588D, 4TI o ) 8. S g ) gy Sl 062 Sompara-
tive compounds)=grams of oxygen-containing hydrocarbon or com-
parative compounds. The pore volume of the catalyst was deter-
mined with water (mL/g). "Adjusted weight" is the amount of
sulfur/catalyst remaining after retains and pore volume
analysis. | _

The lard, vegetable residue and coconut oil, being solids
or semi-solids at room temperature, were heated up to approxi-
mately 80°C before being applied to the catalyst. All other hy-
drocarbons were simply added to the catalyst at room tempera-
ture. The catalyst was shaken with the hydrocarbon until the
catalyst appeared dry and is free flowing. This took approximat-
ely 10 minutes per sample. Once the hydrocarbon was absorbed the
catalyst temperature was allowed to return to room temperature.

150 Grams of the catalyst were loaded into a 1 liter four-
neck flask equipped with a thermocouple through one of the necks
and placed in a heating mantle. Another neck of the flask was
tubed to a another flask equipped with a condenser which was
tubed to a silicone oil-filled container to prevent air back-
diffusion (outlet). Nitrogen flow was established to the flask
through another neck of the flask (inlet) at 273 cc/min. The
remaining neck was stoppered. The flask was attached to a
vibratory table and vibrated for the duration of the ‘heat
treatment described below.

The reactor was heated to 260°C over ten to twenty minutes
and held there typically for 30 minutes. After heat treatment
was complete, the reactor contents were cooled to room tempera-
ture under nitrogen purgé. The samples were analyzed for sulfur
content and the exothermic onset temperatures of the samples
were tested.

Part C: Self-Heating Ramp Test

Approximately a 12 gram aligquot of the test sample was
placed in a 3.1 cm diameter, 4.6 cm height sample container,
made of 250 mesh stainless steel net,lbovered with a 30 mesh
stainless steel net, container cover which had a square bottonm
net with the

J%%Smw.
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have enhgpcgps{ssi stance to sul fur stripping during startupr;'clc},@sﬁ_,,,0_,‘3%4
hydrotreating and/or hydrocracking reactor in the presence of a hydrocarbon

f eedst ock. The nechani sm by which this ggcurs is not known and will be
referred to for convenience as "reaction" or "reacts". A suitable nethod
for det erobnhagssibdént $orif@mg foasi slepsesios aesdo bedike ovthaharamiple

tol.uene iéoﬂéggn§§ 0.8 cm off platform.
The sample container was placed in a programmable furnace
at ambient temperature with a stagnant atmosphere. A thermo-
5 couple was placed in the center of the sample. Another thermo-
couple was placed near the sample container to monitor oven
temperature. The oven was ramped at 0.4°C/minute to 450°C. The
temperature data was collected and plotted as described below.

A time-temperature profile was plotted with temperature in.

10 the Y-axis and time in the X-axis for catalyst temperature and
oven temperature.

Exothermic onset temperatures of the temperature profile
test were determined by drawing a 45 degree tangent on the
sample's temperature trace at the onset of an exotherm. From the

15 tangent point, a vertical line was drawn to the oven trace then
from that point horizontal to the Y axis for temperature
readings. The results of the self-heating ramp tests are shown
in Table 2 below.

|
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strippi ng wQe@aRs1sFurther, for reasons "unknown for el enenPEK/USSHUPHOT -
i ncorporated catal ysts, the percent retention of sulfur is generally
i nproved by the treatnment, particularly {8t some hi gh- pore vol une

catal ysts

Th th | th d t th
presulfur|5|ngrgrg£gss £$ﬁlg F$¥%? Oﬁ%d Bﬁ?gage§ gFgu e5ar6ticles are

contac: ted égg&% eésa@giﬁkng%%#oeérﬁahf ur Comggﬁiiﬂ%ﬁeﬁ%ﬁ “djer eof

pores of the cat
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Comparative

a)

c)
d)
e)

f)
g)

1)

T3y, mecegpatoon. by 250
Distilled Methyl Esters ¢ 206
Linoleic Acid ¢ 244
Fatty alcohol 9 | 212
Linseed 0il ? 273
Soybean 0il ? . 237
Coconut 0il ® 200
Diesel ? 156
Neodene® 14/16/18 158

Lard from Armour Foods.

A vegetable o0il residue from Arista Industries, a nmixture
of glycerides, polyglycerides, polyglycerols, dimer acids,
hydrocarbon and alcohols comprising 79%wt C;, fatty acids,
and 17%wt C,~fatty acids and having an iodine value of 95-
110.

Distilled methyl esters from Arista Industries, Inc. having
100 twt of composition of CAS Registry No. 68990-52-3.
99% purity linoleic Acid from Aldrich Chemical.

Mixture of alcohols from Henkel Corporation 87-95%wt oleyl
alcohol and 2-10%wt cetyl alcohol having 90-95 iodine
value. -

Raw linseed cil from Anlor 0il Company.

RBD soybean oil from Lou Ana Foods.

Laxmi Brand distributed by House of Spices.

No.2 fuel oil with cetane value of 43 from Exxon Refining
and Marketing Company.

An olefin product manufactured by Shell Chemical Co.
93.5%wt. minimum alpha-monoolefin comprising 15%wt. C;
alpha-monoolefin, 50%wt. C;; alpha-monoolefin and 35%wt. C;
alpha-monoolefin.

Part D: Sulfur Leaching Tests
Toluene was used as a extractive solvent for measuring the

ability of the catalysts to resist sulfur leaching. Generally,
the samﬁles were subjected to a hot toluene extraction then
washed with petroleum ether and dried for analysis.' Sulfur
analyses before and following the extraction are used to
calculate percent sulfur retention.- A thorough drying of the
sample is necessary to prevent artificially high.carbon and
sulfur readings during analysis.
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subl i mat | M YBRIShel ting or by a conbination thereof to prodURGF/US9404394
“sul fur-incorporated catalysts.” The sul{ %r-incorporated catal yst. particles
are contacted with the oxygen-containi ng hydrocarbon at t.enperatures and

times sufficienf §gxfRUECtOFaEabA! ¥ShoRDy Lé L@ GXPhLDLT béE@l%%S§§st
5 BT

sel f- heatlgg gmogertles n using el enenta e catal yst
cont act ed LbrgRd Aldidns &@Iﬁ‘dleﬁ‘&Frt Hése’il%%nt"éﬂe §R?"d?n it infe é’rft cBely
i ncor por at ggttactbe woEesiPied RE A aPprdixibiatelyl 1gramsaied eatalysitngo
R R e
flask was filled about 3/4 full (about 350ml) with toluene.
Toluene was brought to rapid boiling so a cycle of filling and
emptying of thimble occurs approximately every 7-9 minutes. The
catalyst sample was extracted for a minimum of 4 hours to a
maximum of 18 hours. Extraction was stopped when extract in
10 siphon tube was water clear. Catalyst was cooled and placed on
a filter in a Buchner funnel and washed with 50 mL of petroleum
ether to displace toluene and then dried in a 100°C oven for 1
hour. Prolonged drying may compromise results by loss of sulfur
from sample. An alternate drying method is to purge the sample
15 with nitrogen for 2 to 3 hours. The extracted catalysts were
analyzed for carbon and sulfur content (wt.% and) with a LECO
corporation CS-244 carbon-sulfur analyzer. The percent of sulfur
retained after extraction is shown in Table 3 below. This
percent of retained sulfur is calculated as the amount of sulfur
20 on the catalyst after the extraction of Part D (Fresh Basis
after) divided by the sulfur in the catalyst after the oxygen-
containing hydrocarbon treatment of Part B (Fresh Basis before)
times 100%. Fresh basis was calculated uéing the following
equation: , -..
25 Fresh Basis Sulfur = Sulfur wt.% / (100~-(Carbon wt.% + Sulfur
wt.%)) * 100%.

Table 3: Sulfur Leaching Results

“"Reactant" Hvdrocarbon
Amount of Sulfur After Extraction

30 Oxygen-containing hydrocarbon Sulfur Extractability (%)
Lard ¥ >95
Vegetable Residue 85
Distilled Methyl Esters © >95
Linoleic Acid ¢ 86
35 Fatty alcohol °’ 66
Linseed 0il ? 85
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cat al yst WaP#RPFes with powdered el enental sul fur and then hEX/USHEI Lt ure
to above the tenperature at which sublin?%ion of the sulfur occurs.
Generally the catalyst particles are heafed in the presence of the powdered
el enental sulfu o tg epature greater than abogg 80[err]C. Typically

t he catal yst an ogﬁ er é?sulfur are placed in a vggratory or rotary m xer-
and heatedcg gﬁgt sired tenmperature for sufficient time, typically 0.1 to
10 hours OT“n%T“ie yad |l ow for the incorporation. 59

5 Neodene® 14/16/18 ? 95

0o

a)=-j) as described in Table 2.

Part E: Sulfur Retention Tests
A commercial hydrotreating catalyst having the properties
listed below was used to prepare the sulfurized catalysts:

10 : ~ Table 4: Catalyst Properties

| Nickel 2.24 %wt
Molybdenum ' 7.54 3wt
Phosphorus 3.5 3wt
Support gamma alumina

15 Surface Area, m2/g 309

' Water Pore Vol., cc/g 1
Size 1/16 inch trilobes

Sulfur was impregnated according to the method of Part 2
using 5.9wt% of sulfur and soybean oil and Neodene 14/16/18 were
20 impregnated according to the method of Part B. Carbon and sulfur
content of the catalyst were analyzed using LECO corporation CS-
244 carbon-sulfur analyzer. Fresh Basis Sulfur was calculated
using the egquation shown in Part D. Percent Stoichiometric
sulfur was calculated by dividing (the Fresh Basis Sulfua).over

25 (the amount of sulfur added) times 100 percent.

Table 5: Sulfur Retention

Carbon Sulfur Fresh Basis Percent

Sample wt.% wt.% Sulfur wt.% Stoichiometric
Neodene®? 26.7 3.0 4.3 73
30 Soybean® 33.5 3.5 5.6 95

a) and b) as described in Table 2 as j) and g) respectively.

As can be seen from the Table the percent retention of
sulfur is significantly improved by using a glyceride fatty acid
ester.

35 Example I71:

ThlS Sheet Has Been Replaced

I

SUBSTITUTE SHEET (RULE 26)



9 PreferabPy+8HE sul fur inpregnation step is carried out at BOTAEIYE Y
130[err] C or higher, up to the boiling p%#“ of sul fur (about 445[err] Q.
The lower tenperature limt is fixed by the subllnatlon/neltlng

characteristics_of, sul nder .t he o ndi t| n Nprgat
wher eas the uppéfif mﬁgﬁﬂ ealq?ﬁ?néeggtééd p%ina 3 egbnon1cs hldﬁer
t enper at ur @&'elwllfg.dledr eorossulfunipedducatatysel Ilsas qmrteddl vithulQXYIEROr k

with. The sy Laedyt.al yst is then treated with the
oxygen- contalnlng d carbon, as discussed bel qw
commercial sulfurized hydrotreating catalyst having the

5 properties listed below was used.
Table 6: Catalyst Properties

Nickel 3.0 Wt
- Molybdenunm | 13.0 $wt
 Phosphorus 3.5 gwt
10 sulfur - 8 swt
Support ' gamma alumina
Size 1/16 inch trilobes

The oxygen~containing hydrocarbon listed in Table 7 was added
to the sulfurized catalyst in an amount listed. The hydrocarbon

15 was added to the catalyst at ambient temperature and allowed to
absorb into the pores. The treated catalyst may take some time
to absorb the substances so that it is not tacky and flows
freely. The self-heating ramp test was measured in a similar
manner to Example I, part C.

20 . Table 7: Post-coating
oxvagen-containing Hydrocarbon Amount(wt$) Onset of Exotherm (°C)
1:1 wt ratio soybean:linseed 8 _ 280
1:3 wt ratio soybean:linseed 10 260 __
Example JIII:

25 A presulfurized catalyst prepared in a similar manner to

Example I was used in a hydrotreating process. 7 types of
catalysts, (1 comparative) were used. These were:

1) COMP Catalyst - the commercial hydrotreating catalyst
listed in Table 1 which has been sulfided by an industry

30 accepted sulfiding method using hydrogen and hydrogen sulfide

as described below. '

2) A cCatalyst - a catalyst prepared as described in
Illustrative Embodiment I with 100% stoichiometric sulfur and
using

‘This.Sheet Has Been Repl
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The sul f urQ hE&iporated catal yst may be further heated bef or PCHEIGO4IMt er
t he oxygen-contai ni ng hydrocarbon treatne at a tenperature greater than
about 150[err]C, preferably from 175[err] to 350[err]C and nore preferably

from 200[er£1])%e£gr%2§L${:{_lged oun%i% Qe i ncor porated-sul fur onto the
1]

catal yst. Preferre T el ude, for exanple, ammoni um
sul fi de, organi c3)mno.,£!|.__lmﬂ pol ¢ smtabnegt (ﬂlzﬁnqn‘8¢uhfs dpscioibexhdin

conmpounds dﬁmgersfsmthﬁﬁéameﬁthﬁaww Q.rod%e%léﬁ‘ %i@%ﬁﬁ.fﬁ?“%ﬁd‘)f
the sulfidable netal oxide and m xtures _there organi c

sul fides indF4B8 HREyveurralte 16?81;@%@3?5%%#&%41- géﬁ’)lﬁl?z-or
HO R-S(ng- R CH whpprei@ mat®1gist - a catalyst prepared as described in

Illustrative Embodiment I with 100% stoichiometric sulfur and
using the coconut oil described in Table in Table 2. .

5) D__Catalyst - a catalyst prepared as described in

Illustrative Embodiment I with 100% stoichiometric sulfur and
10 using the methyl esters described in Table 2.

6) E_Catalyst - a catalyst prepared as described in
Illustrative Embodiment I with 100% stoichiometric sulfur and
using the vegetable.-oil described in Table 2 and Neodene
14/16/18 alpha=-olefin described in Table 2 in a weight ratio of

15 1:1.

The catalysts were loaded into the reactor as follows:
48cc of catalyst (basis compacted bulk density) was divided into
3 aliquots. The first aliquot contained 4 cc of catalyst and was
diluted with 10 to 14 mesh alundum at a ratio of alundum to

20 catalyst of 10:1. The remaining two aliquots contained 22 cc
of catalyst each and were diluted 21:1 with alundum. These
aliguots were loaded into the reactor tube with the dilute one
on top (the inlet end).

Activity Tests -—
25 A blend of 50 wt® vacuum gas oil, 25 wt% light cycle

0il and 25 wt¥ CC heavy gas oil (VGO/LCO) was used as feedstock
having the following properties:

$wt Sulfur 1.93
ppm Nitrogen 1420
30 Refractive Index 1.5377 (25°C)

API Gravity 17.8°

1) COMP Catalyst Activation
The Catalyst was dried at 400°cC for one hour in air, cooled

in a desiccator and loaded into the reactor. It was sulfided
35 in a flow of 60 Nl/hr of 95%vol hydrogen/S5%vol hydrogen sulfide
according to the following schedule:

This. bheet Has Been Reilaced SUBSTITUTE SHEET (RULE 26)




i nt eger MYOIF35¥D 20 and R and R are independent!|y organi c FQUPEMH &Y 1
to 50 carbon atonms such as ditert dodecyﬁgpolysulfide and di et hanol
disul fide; mercaptoal cohols such as 2-nefrcaptoet hanol ; al kyl nercapt ans

such as n-butyl nmercaptap.:fhi. y. s~such l.t.bi opr opyl enegl ycol
di al kyl or diaryl sulf 1 e§é€%3%$ag9gi9ngguféﬁ g&%?ides and di phenyl sulf
i des; di al kyl sul f oxiBeshel@rts2l® hEt BPF SBEf BeM¥e; and mi xtures thereof .

Bef ore use, the sul fgr goMpPoEwrsls $48°EYRbCBhbyY o AR edeahedy Wi t h an aqueous
or organic solution such as a hydrocarbon or Qonzhydroc%rbon equivalent to
li ght gasoline, hexahe B2t aEoPPne29°C to 343°C in one hour

5 e. hold at 343°C for one hour '
f. cool reactor and hold at 246°C
2) Diesel Activation
This method was used to activate catalysts using a diesel
refined for cars and trucks and was as follows:

10 a. Unit was pressurized to 700 psig and hydrogen
circulation was established at 1000 SCF/BBL ( Nl/hr).

b. Diesel feed was started to the catalyst bed at 1.5
LHSV and ambient temperature.
c. The reactor temperature was raised to 121°C in one

15 hour, then increased to 343°C at rate of 27.8°C/hour.
Temperatures were held at 343°C for 30 minutes.

d. The reactor was then cooled over 2 hours to 246°C.
3) Activity Testing _
For activity testing the unit was pressured up to 700 psig

20 and heated to 246°C with a hydrogen gas rate of 220 SCF/bbl
(13.2 N1l/hr). The VGO/LCO feed was started to the unit at 1.5
LHSV (66 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 periods of 12 hours and
the products of third weight period (37-48 hours) were analyzed
for nitrogen and sulfur. From these values rate constants were

30 calculated for the hydrodenitrification ("HDN") reaction and the

_hydrodesulfurization ("HDS") reaction. These provide an
indication of how active the catalyst is, the higher the rate
constant, the faster the reaction process, and the higher the

- conversion cof sulfur and nitrogen at a given space velocity

35 (feed rate). For HDN

l'
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of whit ewppysrisisit ype, for exanple as described in U S -A pcthde463p4s
5,139, 983;, 5,169, 819; and 4,530,917. The resulting catalysts are typically
reduced by hydrogen, or other organic réduci ng agent such as form c acid,
met hyl formate, ethyl formate, acetal dehyde or nethyl al cohol. The sul fur
conpound- Gh& Gﬁ?&td-@é’d orgesl 5t 1cQriapd ttheakeyadiveh l&@@@g@t%rﬁmﬁhmg
10 hydrocaihpitidefore and/or after the reduction step under

= (space velocity)*1n { conc. of N in feed }

conc. of N in product

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
S5 calculate as follows:

R = {space veloci r:y} { 1 1 }

1.7-1 (conc. of S in product)®? (conc. of S in feed)®?

The relative rate constants are provided in Table 8, normalized

against the values for the third weight period for the COMP
Catalyst.

Table 8: Activity Tests
10 Weight Periocd i

Catalyst Activatijon HDS Rel.X Value HDN Rel. K Value

COMP 1) Standard 1.00 1.00
A 2) Diesel 0.94 0.88
15
B 2) Diesel 1.04 0.94
c 2) Diesel 0.87 0.87
D 2) Diesel 0.94 1.02
E 2) Diesel 1.00 1.01 -.
20 As can be seen the catalysts of this invention show a

comparable hydrodenitrification activity (without significant

decrease in activity) to a traditional hydrotreating catalyst.

Further, catalysts containing unsaturated hydrocarbons show

advantage over catalyst with only saturated hydrocarbons with
25 regard to the hydrodenitrification activity. '

Example IV:
Z-753 Ni-W/Ultrastable Y zeolite based hydrocracking
catalyst, (from Zeolyst International Inc.), was presulfurized
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condi t i ans 9desisT i bed above for the el enental sul fur-incor poP@XBE¥EBAU yst .
I'n the sqcond met hod, a porous sul fidable nmetal - oxide- containing catalyst
is contacted with a mxture of powdered3&l emental sul fur and/or a sul fur

conmpound and the oxygen- containing hydracarpan, preferahly while heatin
t he resul BEROCTAARBU FBeapFQHﬁaPﬁguFﬁgﬁﬂﬁvfpdﬁbﬁgﬁﬂﬁiﬁ ‘C. Inthis )

enbodi nment
pr ef er abl
oxygen-co

t hguaguzl wat pacbirpbeatade acouradned ta thhe metdiatert Raxstl f ur,

wd d / f
PRSI 8 PR/ 9F 2L1RASt AR ﬁ&&ﬁ)%@{gr é(;% cuch as

g “Hydro-carbon~simil taneous

ol efi ns cdmpregnated on the catalyst according to the method of Part
5 B. Carbon and sulfur content of the catalyst were analyzed

using LECO corporation CS-244 carbon-sulfur analyzer. Fresh

Basis Sulfur was calculated using the equation shown in Part
D. Percent Stoichiometric sulfur was calculated by dividing
the Fresh Basis Sulfur percent by the percent sulfur

10 calculated for complete conversion of the oxidic nickel and
tungsten to the corresponding Ni;S, and WS, phases.
Table 10: Sulfur Retention
Carbon Sulfur Fresh Basis Percent
‘Sample wt.% wt.$ sulfur wt.% Stoichiometric
15 Neodene' 11.1 1.4 1.6 43
Soybean® 20.5 2.4 3.1 84

a) as described in Table 2 as J)
b) as described in Table 2 as gq)

As can be seen from Table 10, the percent retention

20 of sulfur is significantly improved by using a glyceride
fatty acid ester such as soybean oil.

L

Performance Tests
A blend of 75 vol% hydrotreated cracked heavy gas

oil, and 25 vol% hydrocracker bottoms stream was used as

25 feedstock for performance testing of the zeolitic
hydrocracking catalysts obtained from Example IV and the
fresh Z-753 (Reference Catalyst). Some of the feedstock
properties are listed in Table 11. DMDS and n-amylamine were
added to the feedstock to generate the requisite levels of H,S

30 and NH;, respectively.
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opti onal | W&&Y&US5i nmul t aneously. A mixture of powdered el e- HRETYEI*AQE% ur
and/ or sul.fur conpound and oxygen-contain%%g hy- drocarbon is first
produced. \Wen el emental sulfur is used, e ratio of hydrocarbon to sul fur
by weight is typi y 5t : ; e : :6..1. The

T xture may be hESess’ 1b praredEhinde tee P A oPR TR chet Fik

hydr ocarbon is not liquid at anbient conditions or the m xture nay be a
suspensi on. Tol uene or ot hgen! s@hfuei ght hydrocarbon sohyents may be added
to decrease the viscosity of the m xture. Increased heat _w |l achieve the
same effect. Wien a sul f urPEBHbEHRE®R used as the sourc@®of sul fur, the

rati o of hydrocarbon to suirtsircaewseeund 87.334
5 ~ wt?® Hydrogen 12.69 .
API Gravity _ 26.1°
338+ °C (wt%) 71.4 .
DMDS (wt%) 0.133
n-amylamine (wtg%) 0.079
10 Simulated Distillation of Feedstock
Ty IEMP °C
IBP 181
5% 248
25% 330
15 50% 382
75% 434
90% 481
28% 537
¥FBP 572 B
20 Performance Testing Conditions

The conditions employed for the performance testing

of the zeolitic catalysts above are given in Table 12.
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by wei ghwOg¥3yPically from1:2 to 30:1. The mixture is t he PHYU¥E %¥a
prewei ghed catal yst sanpl e and m xed. thg a mxture of elenmental sulfur
and sul fur conpound is used as the source”of sulfur, a ratio of hydrocarbon

to total sulfur and bf( %/\g%?{}:u;%%[gcg]ﬁéﬁ& SI%Sltll %gﬁé#fong\hen, el enent al

sul fur is at |east paref mxturei en heated to

incorporatﬁyagbggh ?%e%shﬁgpq?gkﬁ5e of above about 80[err]C. qlggoti mes and
e as |

t enper at ure-can e safe for the first enbodi nment. \Wen sul fur

conpounds ﬁQ?ﬁB?QQ e kARG (&% Be/Eeduessips above for tdessirst

enbodi nment . he third nethod, a porous sulfidable netal oxide-
LHSV (hr?) _ 1.5

5 cut Point for converison calculation (°C) 338°

Conversion Target (Single Pass, wt%) 80.0

Catalyst Activation Procedures

1) Zeolite Reference Catalyst: Gas Phase Activation
The fresh 2Z-753 catalyst was dried at 482°C for one hour
10 in air, cooled in a desiccator and loaded into the reactor.
It was sulfided in a flow of 95% vol hydrogen/5% vol hydrogen
sulfide at a GHSV of 1500 hr?!, according to the following gas
phase schedule:

a. ambient to 149°C, hold 1 hour
15 a. 149°C to 371°C in six hours
b. hold at 371°C for two hours
c. cool reactor to 149°C and hold
d. switch to pure hydrogen flow
1b) Zeolite Reference Catalyst: Liguid Phase Activation
20 To activate the zeolite catalyst, after loading it -
dried, the reactor was brought to 1800 psig pure hydrogen, at
a circulation rate of 8935 scf hydrogen/bbl feed. The acti-
vation feedstock employed consisted of the performance
testing feedstock containing sufficient dimethyldisulfide
25 (DMDS) to produce 2.5 volt H;S, and n-amylamine to produce 150
ppm NH, in the gas phase, respectively. The procedure for the
activation was as follows:

a. reactor brought to operating pressure and hydrogen

rate _
30 b. activation feedstock introducgd at 149°C
C. 149°C to 232°C in 3 hours
|
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cohtainingxp%&gy%st is first contacted with the oxygen- cont @-phR¥1/04394

hydr ocar bon

optionally heated to a tenperature abovesabout room tenperature (i.e.
about 25[err]C) for a solid or sem-solid hydrocarbon to allowit to
I mpregnat e t he @at 2i3ep*c tbheoezialiystisambiars oxygen- cont ai ni ng hydr ocar bon

is preferably h%qt %%thcattc; 833! & LHMERRAYEL wher e the hydrocarbon
becomes liquid or

10

15

20

25

30

f. hold 315 °C for 8 hours
g. switch to activity testing feedstock and adjust
temperature to maintain 80 wt% conversion of feed.

During steps c-~f, H,S and i-butane were continuously
monitored in the exit gas stream of the reactor. Temperature
was ramped as long as H,S remained above 2000 ppmv, and
isobutane concentration remained below 0.4 vol%. Otherwise,
the ramp was discontinued until these levels were realized.

‘2) Zeolitic Catalyst:
Gas Phase Activation with 5.0% vol H,S.
The zeolitic hydrocracking catalyst from Example IV
was dried at 482°C for one hour in air, cooled in a
desiccator and loaded into the reactor. It was activated in
the same manner as the catalyst in case 1) of this Example.

2a) Zeolitic catalyst:

Gas Phase Activation with 0.5% vol H,S,
After reactor loading 25 cc of the zeolitic

hydrocracking catalyst from Example IV and pressure testing,

the following procedure was used for a gas phase activation

that simulates 0.5% H,S in the recycle gas:

a. pressurize reactor to 450 psig with pure H, and establish a
GHSV of 320 hri.

b. ramp temperature at 14°C/hr to 120°C; begin sampling the
reactor off-gas for H,S each 0.5 hr.

c. switch to 0.5% H,S/95.5% H, mixture

d. ramp temperature to 205°C at 14°/hr.

e. at 205°C, increase pressure to 1500 psig and establish a
GHSV of 850 hrw.

f. ramp temperature to 370°C at 14°C/hr, interrupt ramp if
H,S in reactor off-gas drops below 2000 ppnv.
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efore the presul furization step. The resultant mxture can b
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sem - fl Uiy 9421B¢ hydrocarbon treated catalyst is then pceasbfionspzed
by contacting with elenental sulfur and/or sulfur conpound as described for
the first nethod. Optionally, the hydrocabbon-treated presul furized

catal yst can be heated during the sulfurization step or after inpregnation
of sul fur gonpolddatragardfess4ohoprEor heat-treatnent. The catal yst shoul d
preferablyhbeﬁggfteg ghgsgnme point after contactlng with the sulfur at a

t enper ature above about 150C so as to fix the su n the, cat st. The
catal yst ik pFeitFhpFg PRESt Hy 304 FehPIBEREE %%t%fﬂ‘l’nﬁa'ﬁﬁﬁrga rbon

after sul fur gggf@fmsﬂhgutegemﬁgund

5 2b) Zeolitic catalyst: Liguid Feed Activation
The same method as for reference catalyst liquid

activation was used to activate zeolitic catalyst from
Example IV. The same activity testing feed was used with
sufficient dimethyldisulfide (DMDS) and n-amylamine added to
10 produce 2000 ppm H,S and 150 ppm NH; in the gas phase,
respectively. DMDS was added to the feed in order to simulate
a minimum level of H,S that could be tolerated during
activation in the gas recycle loop of commercial units.

All gas phase activated catalysts (1), (2), (2a):

15 After activation with the hydrogen sulfide/hydrogen mixture,
the reactor was cooled to 149°C and the following startup
procedure was implemented:

a. introduce activity testing feed at 149%9°C
b. 149°C to 260°C in 5 hours
20 c. 22°C/day for 4 days
d. 5.5°C/day for 5 days
e. adjust reactor temperature to maintain 80 wt%

conversion of 338+ °C in feed.

Conversion (wt%) is defined as follows:

25 100 x (Wt% 338+ °C in feed - Wt% 338+ °C in product)
(Wt% 338+ °C in Feed)

In this conversion definiticn, gaseous products are included.

_\
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incorporéf?gﬁas?gr superior suppression of self-heating PCT/US94/04394
characteristics. If the sulfur and/or sujgur conpound and the hydrocarbon
are contacted with the netal or netal oxide(s) catalyst sinultaneously, it

is preferabl e thatfdPoanobatystihg Reahae ged in such a manner which allows

t he sul fur and/gr sulfur.co ounda ﬁ bg incor oratg ﬁ nE g ated into

the pores of tH LAY ? %? oP* PB FHe 5F§F§s SF8aRPF gaBP aB at ed

with the hmdsschabmncaﬂ viekdpebasedecnf fabdveidOand| hydnggeh wbeeabove

Tethods LNEs RORHINSa 0! RULLULREDILE LeIBRROURATHoEU=MILL dEBRNO upon the
e rcally

anounts of ca Ic ne resen cat anount
used |55det@$him@dof the three zeolite catalysts are found 1n Table 13.

Values for product cuts are reported as mass balanced wt$%
based on feed.
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on the bX9 8435t he stoichiometric anount of sulfur or sul f UFCTEERHEIRMYS

required too convert al

of the netal

on

e catalyst to the sulfide form

For exanpl e a catal yst contai ni ng nol ybdenum woul d require two nol es of

sul fur or
nmol ybdenum di sul fi de.

exi sting sul fur

nono- sul fur conpounds to convert each nole of nolybdenumto
On regenerated catal ysts,

| evel s may

be factor tehY¥R 13 he BepresantativeoperferBaADGat FeasualesnEam|zenlitic

requi red. hYOTREr3FeNg ctater Tysts ' h¥2dyugist FEROZTLYY &xp f%#%lﬁgt%%#%ﬁ

amount s dRR# tSPRIRAELOM: percent of the stoichiometric

in

5
Catalyst® Temp

1 378
1b 381

2 378
10

2a 381

2b 377

PRODUCT CUTS (°C)

&=C, £&5-82°

15.0 23.0

17.1 23.5
12.1 18.5
14.4 19.3

11.8 19.1

82-190° 190- 288° 288-338° 338°+

37.8

35.4

40.6

39.7

42.0

12.3

11.5

10.9

14.4

14.5

atalvst®

15 1 384

2a 387

2b 381

$i=Cy
17.7

Cs—82
25.4
17.3 22.9

13.2 19.9

82-190 190-288 288-338 338+

34.9

35.1 8.8

40.9

7.3

10.4

2.3 14.

3.3 14.

2.9 14.

6
5

5

(2a) Absence of a letter following the catalyst reference

20

number denotes gas phase activation with 5% H,S/95% H,,

"a"

following the catalyst number denotes gas phase activation
with 0.5% H,5/99.5% H,, and "b" denotes liguid phase

activation.

(c) Values reported are for 1400 hours on feed.

25

this invention

(2,2a,2b)

As can be seen from Table 13,

(b) Values reported are for 700 hours on feed.

the zeolitic catalysts of
show a significant improvement in

liquid yield relative to the reference catalysts (1 and 1b).

This improvement occurs regardless of whether the reference

catalyst was activated in liquid phase or gas phase,

30
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12 requi M&hBHESIFRSUlts in catal ysts having enhanced hydr ode-PGAESIHHEMR i on
activity, .which is an inportant propertétof hydrotreating and first stage
hydr ocr acki ng cat al ysts Thus, the anou of presul furi zi ng sul fur used for

i ncor poratjon i ly. J t |
and prefe gﬂparp'rsg:rﬂ a out?%El é‘%o ab l@ éﬂ%g 1{]\% |%r?éterg|l% ?F?gm% t.
For - hydr otgmt’qeﬁg;’ mmlﬁigf dthie t Ihvenghent Feﬁaﬂ-wgteat Ary il s ni ng

Group VIBegdQka8,euP M b dBiAbSed "t advantage in activity, with a 3°C

lower temperature requirement.at 80 wt$% conversion.

5 fTable 14. Yield stability data on selected cuts for reference
and invention catalysts.

C;-C, Yields 82-190°C Yields

HOURS ==> 500 1000 1600 50 1000 1600
10 cCatalyst .

1 13.8 16.6 18.3 38.6 36.4 - 34.5

1b 15.4 19.5 - 37.3 32.8 -

2 11.1 14‘2 - 41.4 39.0 -

2a 11.6 14.8 16.8 40.6 37.8 35.5
i5 2b 10.1 12.7 13.2 43.0 41.0 40.7

Table 14 illustrates the additional benefit of “yield
stability associated with the process of liquid phase activation
of the catalysts prepared according to Example IV. Both the gas

20 phase activated reference catalyst (1) and the liquid phase
activated invention catalyst (2b) have an initial C1-C4 yield
decline rate of 5.6 wt$/1000 hrs. However, in the case of (2b),
the yield decline rate between 1000 and 1600 hours on feed has
dropped to 0.8 wt$/1000 hrs, while that of (1) is 2.8 wt%/1000

25 hrs. The case is even more dramatic when examining the naphtha
range (82-190°C) 1liquid yields. The 1000-1600 hours yield
decline rate for (1) is 3.2 wt%/1000 hrs, while that of (2b) is
only 0.5 wt%/1000 hrs.
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amount of WOr¥&ilFuri zing sul fur enployed is typically 2%to PSTAUSAHEMbst
preferably, 6%to 12% by weight of the gtalyst charged. It is preferred
not to add so rmuch sul fur or sulfur conp

are conpl et.gl
oxygenmc)on#al ni %k%ggs ocar]g.%n\l g%\rﬁ pr{%r?e e poréuufm arnetagtmplrl? Yemeqt
The key stép PH"—PW@ qﬁ é@émahlmpmﬁ% fto@' @bm aeflnhe‘,catatly%tsamet i izme

oxygen- conta@b&b.ag mgdtas%be&uééybﬁg ol theddlestd A &t zzéhn{ odi
val ue of at | east for"a sufficient tine such that the hy roca

| npr egnat egxam@ler gacts) wth the catal yst and provides a

5 In this Example a spontaneously combustible or self-heating
catalyst is unloaded from a reactor after treatment with oxygen-
containing hydrocarbon.

A highly self-heating, spent, hydrotreating catalyst listed
below (obtained from a hydrotreating reactor) was treated with
10 1.5 Wt. % soybean o0il in a carrier oil (feed stream) and a
second sample of same material was treated with 100% soybean
oil. The mixtures were heated to 140°C under nitrogen for one
hour and then cooled and drained. The material was tested for
self-heating properties according to Appendix E of 49 CFR 173
15 (Test for Class 4, Division 4.2 Substances in Code of Federal
Regulations), which requires a 2.5 cm cube size sample and a 10

cm cube size sample.

The samples were further analyzed for exothermic onset by
a Differential Scanning Calorimetry, Mettler's TA 4000 using a
20 DSC27HP DSC measuring cell. For the purposes of this test the
onset and half the distance along the trace to the first peak
were entered to calculate the onset temperature and slop of the
curve. The sample was heated from 30°C to 500°C at 10°C per
minute. A 500 cc/min of air purge the DSC measuring during the

25 test.

Catalyst Properties:

Cobalt/Molybdenum on activated alumina

Size 1/20 inch
. Shape Quadralobe
30 Form . Spent
Carbon 12.9 wt. %
Sulfur 7.9 Wt. %

-
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cat al yst WRM/Z5ET| ess spont aneousl y conbusti ble and, for a s&CTHSI$EEH?
catalyst, is nore resistant to sul fur hi ng than one not contacted with
t he hydrocarbon. Typically the cont act t ﬁperature is greater than about

O[err]C, desirafly,from 350[.er eferab OL,ery.].C
to about 15[e£ ¥ e% e 1-ngrrp"z é}% %’J’& g{" ogrly {%tpe%dg é §])
nmel ti ng popassed thiel mmeorﬁatsecrqtemﬁat asofdaswr ihett omrbppenﬁcx @(@tfpl@
when the oxygedysont 343 dacbudeanacan 1esfa1§ah'%hgrna %1f&§$
|gh as t t|ng

| ard, the tenperature shoul pre era be at |east as
point for a ti ”E:xé‘éﬁfatﬁxh@nbnfs@t tﬁé&g&&taaﬂwt%s teor | e f E8RPY ebaRIRART T it

and not stlck or |t
by D aremgs follow

Table 15
Sample Onset Temperature Integration*
(¢ (3/9)
Untreated Sample 140 2857.6
1.5 Wt.% Soybean 0il 238 392.2
io 100 Wt.% Soybean 0il 232 261.0

* samples integrated from onset to 500°C

Samples treated with soybean oil have reduced self-heating.
The sample treated with 100% soybean oil have a smaller overall
exotherm than the 1.5 Wt.% treated sample as shown by the

15 integration values for each sample.

d
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Is |iqui q(p§4,55qgai fluid, to enable the hydrocarbon to coat arck0894/04394

| npr égnat e the—catalyst- Lard, for exanple, is preferably contacted at a
|n|t|ﬂ' about 80[err]C The process tenperature can be

r eadi ”} the nelting point -A#1the solid or seni-solid at a

gi ven pressu ment or visually by checking i'f the oxygen-containin
hydr ocar bon flows. Contact times will dele®tNSon tenperature and the ]

viscosity of the oxygen-containing hydrocarbon hi gher
1. A composition comprising a spontaneously combustible catalyst at

least a part of which has been coated and/or impregna_ted with at least one
oxygen-containing hydrocarbon having at least 12 carbon atoms, thereby
reducing the self-heating characteristics of said catalyst.

2. A compbsition according to claim 1 wherein the oxygen-
containing hydrocarbon is an acid, acid ester, alcohol, ketone, aldehyde or ether,
having at least 12 carbon atoms. |

3. A composition according to claim 2 wherein the acid ester is a
glyceride fatty acid ester having from 16 to 100 carbon atoms.

4, A composition according to any one of claims 1 to 3 wherein the
oxygen-containing hydrocarbon has from 16 to 80 carbon atoms. |

5. A composition according to claim 3 or 4 wherein the acid ester is
an unsaturated fatty acid ester.

6. A composition according to claim 5 wherein the ester is derived

from palmitoleic, oleic, linoleic, linolenic, eleostearic, ricinoleic, eicosenoic, -
docosenoic, eicosatetraenoic, eicosapentaeno‘ic, decosapentaenoic or h
docosahexaenoic acid or a mixture thereof.

7. A composition according to claim 5 or 6 wherein the ester is
derived from soybean oil, linseed oil, safflower oil, sunflower oil, corn ail,
cottonseed Qil, olive oil, tung oil, castor oil, rapeseed oil, tall oil, peanut oil,
canbra oil, perilla oil, vegetable residue, marine oil or a mixture thereof.

8. A composition according to claim 3 or 4 wherein the ester is a
saturated fatty acid ester.

9. A composition according 1o claim 8 wherein the saturated fatty

This Sheet Has Been Reilaced
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13- terrper L q s and hi gher viscosity 1L

| onger ti rQ‘T‘edjslrg?/$ b? ﬂel"MH mmﬂmm"r:nge from2 mnutes to 2£ﬁ9@$51/&994
nore. Preferably t e' o>€ygén Bont aini ng hydrocarbon is suffi- ciently
fl owabl e or sublinmable to give sufficient. gontact with the catalyst. A

hydr ocarbon which is liquid at the el evated tenperature of contact is nore

preferred fori®asterat dWNQU 8m ddcdriniigipdimesiiBAd ortanbwdbpeanhetrd s a
hi gher hydrocarbon, i.e., “one having greater than twel ve, preferably

greater thaqhg}égfgen, and nore preferably greater than twenty carbon atons.

10. A composition according to any one of the preceding claims
wherein the catalyst comprises at least one metal, metal suifide or metal oxide
of a metal of Group VIB or Group VIl of the Periodic Table.

11. A composition according to claim 10 wherein the catalyst is
supported on alumina, silica, silica-alumina, zeolite or a mixture thereof.

12. A composition according to any one of the preceding claims
wherein the catalyst'is a presulfurized or a sulfided catalyst.

13. A composition according to any one of claims 1 to 11 wherein
the catalyst is a reduced catalyst.

14. A composition according to any one of claims 1 to 11 wherein
the catalyst is a hydrocracking catalyst.

15. A composition according to any one of claims 1 to 11 wherein

the catalyst is a hydrotreating catalyst.

16. A method of reducing the self-heating characteristics of a
spontaneously cémbustible catalyst contacting said spontaneously corﬁt).ustible
catalyst with at least one oxygen-containing hydlrocarbon having at least 12
carbon atoms.

17. A method according to claim 16 wherein the hydrocarbon is one
defined in any one of claims 1 to 9.

18. A method according to claim 16 or 17 wherein the catalyst is
one defined in any one of clairﬁs 10 to 15..

18. A process for preparing catalyst suitable for hydrotreating and/or

hydrocracking a hydrocarbon stream or tail gas treating a sulfur-containing gas

. This Sheet Has Been Re laced
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Thle upperwga?ﬁb?é*'rvngmmllml,Lmij d by the melting point, SGTTERMOLRE on
n d

poi nt, or .snoke poi rbon in question. Wile solid fatty
oxygen-cont ai ni ng hydrocarbon havi ng carbo#3nunbers greater than 100 can be
used, they.are inconven- ient since they nust be heated to such a high

t enper at ur estreamovdeichtaprbgrisembiesting a piesuifurizgdichmpoditionds tlheyveddn digim
used with a solvent. Hydrocarbons with carbon nunbers from 15 to 100,

preferably fpam d6os© 8GRI iRYAE PrBsénss B Wydrddén &@rﬂabdeéda%tapgmfﬁlem ng
hydr ocar bon” as used herein refers to hydrocarbon nol ecul es containing at

| east one oxygen ghom M &heLOGLUGSAing 18 cIEHE Y Suhetbinithe B5iaty St Yctivated

al-cohol s,

by heating the treated presulfurized catalyst in the présence of hydrdgen and at
least one hydrocarbon having a boiling point of at least about 35°C at
atmospheric pressure at a temperature from 25°C to 430°C, a hydrogen partial
pressure from 50 psig to 3000 psig and a Liquid Hourly Space Velocity from 0.1
10 20 hrt,

21. A process according to claim 20 wherein the hydrocarbon has a
boiling point of 40°C to 700¢°C.

22. A process according to claim 20 and 21 wherein the hydrocarbon
has a boiling point_ from 850C to 500¢C.

23. A process according to any one of claims 20 to 22 wherein the
hydrocarbon is jet fuel, kgrosine, diesel fuel, gasoline, gas oil, residual gas oil 6r

hydrocarbon feed stream.

24. A method of presulfurizing porous particles of a sulfidable
catalyst containin‘g at least one metal or metal oxide, which comprises.:.

{a) contacting said catalyst with elemental sulfur at a
temperature such that at least a poriion of said sulfur is incorporating in the
pores of said catalyst by sublimation and/or melting; and

(b) prior to, at the same time or subsequently contacting said
catalyst particles with at least one oxygen-containing hydrocarbon having at
least 12 carbon atoms.

25. A method of presulfurizing porous particles of a sulfidable

catalyst containing at least one metal or metal oxide, which comprises;

This Sheet Has Been Rei
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al dehydes, ketonesLﬂnmmtmﬂ;muures may be used such as acid esters and
al cohol's, .and diff n . It _.can-be primary, secondary or
tertiary, straight 6r brancHed®chdin, cyclic, acyclic or aromatic or

unsaturated. Prefer 66(13')ycoﬁz%etih%@%%%bavsmiﬂi ¥t Idastlbnensatur segolabty
acid ester. The term "unsaturated” as used herein refers to hydrocarbon

nol ecul es cont ai ni I - l%%ngl

con][ ai ni ngggg?r[emgryr]g%ﬁg sgga‘}ztonﬂ'g%&éﬁéﬁg%ﬁg@éﬁtgg\ﬂ% ﬁ‘gh%\;e én sig(i)fg?:%e al ue z)f
at | east 6 .standard. i qdi ' hni F

Aot ean G ThehaMieS 0 Rif CapoIp Y AT E DR S h Aot od 125 or o

(b) prior to, concurrently or subsequently contacting said

catalyst particles with at least one oxygen-containing hydrocarbon having at
_ least 20 carbon atoms.

26. A method according to claim 24 or 25 wherein the hydrocarbon
is one defined in any one of claims 3 and 5 to 8.

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

(a) contacting said catalyst with at least one sulfur compound
under conditions so as 1o incorporate at least a portion of said sulfur compound
in the pores of said catalyst by impregnation; and

(b) prior to, concurrently or subsequently contacting said
catalyst particles with at least one glyceride fatty acid ester having at least 12
carbon atoms. | h

28. A method according to any one of claims 24 to 27 wherein the
hydrocarbon is one defined in any.one of claims 2, 4 and 9. to 15.

29. A process for hydrotreating and/or hydrocracking a hydrocarbon
stream or tail gas treating sulfur-containing gas stream which comprises
contacting the stream in the presence of hydrogen with a sulfided catalyst as
claimed in claim 14 or 15 or one prepared by a process as claimed in claim 19.

30. A process according to claim 29 wherein the stream is contacted
with the hydrocracking catalyst at a temberatur,e from 1000C to 4500C.

—_—
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| UPAC MXN'RJ4/2315205 described in International Union of Pure %Ws%é?)“r"l ed
Chem stry, 7th ed., Blackwell Scientif | ‘C 5|'Dub| I cati ons 1987 or any ot her
standard i odi ne measuri ng techni q ' % ed" used
herein refers tod!-oxy§dRe '(E‘BHtQi Fﬂ"ﬁ@mﬁl)?arao‘@&PﬁBﬁm{f%ﬁ%ﬁ‘H{fé’ ?Pc%t‘?"?ﬁ ng no
car bon- car bon doubl e honds or n‘Boun ‘g éﬂé ont ai ni ng m ni mal caybon-carbon
doubl e bonds WMEN REAMErISES; (AMEH! “\9& G GRAT {835t 608 ARYEAN-SRNMBINBOCS

aficial hydrocarbon having at least 12 carbon atoms, placing the treated catalyst in a
contalner and then transporting the contalner. |

32, A method eccording to claim 31 wherein at least 100 kg of.
catalyst Is placed in said contalner.

33. A mathod according to claim 32 wherein at least 250 kg of
catalyst is placed In said contalner.

34. A rnet.hod of unloading a catslyst from a reactor in oper_ation
which comprising stopping reactor opsration, contacting said catalyst In the
reactor with at least one oxXygen-containing hydrocarbon having at least 12
carbon atoms and then removing the oxygen-containing hydrocarbon treated
cetelyst from the reactor, |

35, A mesthod according to any of claims 29 10 34 wherein the

hydrocarbon is es defined in any one of claims 2 10 8.

y
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Met hod Cd 1-25, |UPAC Method 2.205 or any other standard iodi ne measuring
techni ques. Preferred hydrocarbons incl ude t4gsse having at | east 16,
preferably 20 carbon atoms for exanple, higher al cohols such as dodecanol,
hexadécanol , farnesol, hexestrol, oleyl alcohol, cetyl alcohol,
hexacosanol , triacontanol, cocceryl alcohol and octacosanol; higher ethers
such as dicetyl ether; higher ketones such as pal mtone,

10- hydr oxypal mi tone and 3- octadecanone; hi gher al dehydes such as

pal m t al dehyde and -ol sal dehyde; hi gher acids such as saturated aC|ds such
as lauric, nyristic, palmtic, stearic, and docosanoic acids or

A METHOD OF TREATING A SPONTANEOUSLY COMBUSTIBLE CATALYST

Abstract of the Disclosure

Self-heating characteristics of a spontaneously combustible
Scatalyst are reduced by treating the catalyst with an oxygen-
containing hydrocarbon having at 1least 12 carbon atoms. The
treatment is particularly suitable for reducing the self-heating
characteristics of sulfidable metal oxide(s)-containing catalysts, -
presulfurized catalysts, presulfided catalysts or reduced
locatalysts. When applied to sulfur-containing catalysts, the
treatment gives a catalyst that has suppressed self-heating
properties without substantially compromising sulfur retention or
activity. Further hydrocracking catalysts treated by the oxygen-
containing hydrocarbons give improved product yield. Further, a
lsmethod of safely unloading a catalyst from a reactor is provided
where the catalyst in the reactor is treated with a liquid mixture
containing the oxygen-containing hydrocarbon to wet the catalyst.

20
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SIS Skt As pal mitol ei g olelc I|nole|c | i nol eni c,
el’'sostearic, %ﬂﬁ"? : ""3‘ enoPc doccsen Shee eenReplicagnoi C, feotor2-0 30
ei'tosanment aeho c entjagnoi ¢, and dccos Fgg”‘ gher acids
esters incl ugdi thri - and pol y-f s al kyl and aryl
esters of th . _______ . benzyl ol eate and but at e) and esters

of the abov

' nD'-loncerides glycerldes and triglycerides
G.ycerijde fatty acu} esters having from 16 to 100,

nor e preferabl‘ﬂ/ 18 to 90, nost preferably 20 to 80 carbon atons are
preferred. Exanpl es of commrercial ,'-glyceride fatty acid esters include

A METHOD OF TREATING SPONTANEOUSLY COMBUSTIBLE CATALYSTS

This invention relates to a method of treating
spontaneously combustible catalysts and catalyst compositions
resulting from such treatment. In one aspect, the invention
relates to a process for preparing catalysts that produces
catalyst compositions with reduced self-heating characteristics.
In another aspect, the invention relates to hydrotreating and/or
hydrocracking processes.

A spontaneously combustible catalyst is any catalyst
composition which has a tendency to self-heat or combust in the
presence of air or oxygen at a temperature of 200°C or lowver.
Particularljr, many hydrocarbon processing catalysts, such as
hydrotreating, hydrocracking and tail-gas treating catalysts
which typically contain sulfur and reduced catalysts such as
hydrogenation catalysts can be classified as spontaneously
combustible catalysts. Some of the hydrocarbon processing
catalysts can also be reduced catalysts.

A hydrotreating catalyst is used to catalyze the
hydrogenation of hydrocarbon feedstocks, and most particularly
to hydrogenate particular components of the feedstock, such as
sulfur-, nitrogen- and metals-containing organo-compounds and
unsaturates. A hydrocracking catalyst is used to crack large and
complex petroleum derived molecules to attain smaller moi.ecules
with the concomitant addition of hydrogen to the molecules. Such
hydrocracking catalyst includes catalysts used for residue
conversion units. A tail gas catalyst ‘is used to catalyze the
conversion of 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. A reduced catalyst is any catalyst that
contains a metal in the reduced state such as an olefin
hydrogenation
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 AREpD e : | .
soybean oi | +1nsee' Ig&ggf | ower oil, corn oil, sunflower oil,

cottonseed pil, olive oiT, }uhg oil, castor oi |, mﬁpgﬁgegsg&hkel oi |,

peanut oil, canlﬁaJANlmper Ila oil, marine fat or {{ii sh fat. or
] .
xt ur es :

oil (e.g. hg rtjng and sardijnd), vegetable resi dues
Sone exanpl gs of ctommercia Hi gher al cohols in- clu
d , SheII Chem cal ngany) I ncl udi ng m xtures of
nol s (NECEEL 9 m xtures of CJerr] and

such as NE cohol s
Cerr],derr]- and c[err

1], 9 PO, I S ekl SHEtla it

45); the Auaapﬂusuun|as(nydnqgemmgﬁ1@@rmlc acld. The metals on these

reduced catalyst may be fully reduced or partially reduced.

Hydrogenation catalysts are well Xxnown and several are

commercially available. Typically, ﬁhe active phase of the

catalyst is based on at least one metal of group VIII, VIB, IVB,

IIB or IB of the periodic table, typically Pt, Pd, Ru, Ir, Rh,

Os, Fe, Co, Ni, Cu, Mo, W, Ti Hg,'Ag or Au, usually supported

on a support such as alumina, silica, silica-alumina or carbon.

Such reduced catalysts can be spon-taneously combustible.
Catalyst compositions for hydrotreating and/or
hydrocracking or tail gas treating are well known and several
are commercially available, in particular metal oxide catalysts
including cobalt-molybdenum, nickel-tungsten, and nickel-
molybdenum, usually supported on alumina, silica and/or silica-
alumina, including zeolites and carriers. Other transition metal
element catalysts may be employed for these purposes, including
those containing at least one of V, Cr, Mn, Re, Co, Ni, Cu, ‘2n,
Mo, W, Rh, Ru, Os, Ir, Pd, Pt, Ag, Au, C4, Sn, Sb, Bi and Te.

For maximum effectiveness the metal oxide catalysts are
converted at least in part to metal sulfides. The metal oxide
catalysts can be sulfided in the reactor by contact at elevated
temperatures with hydrogen sulfide or a sulfur-contaiming oil
or feed stock (“in-situ").

However, it is advantageous to the user to be supplied with
metal oxide catalysts having sulfur, as an element or in the
form of an organo-sulfur compound, incor-porated therein. These
presulfurized catalysts can be loaded into a reactor and brought
up to reaction conditions in'the presence of hydrogen causing

' the sulfur or sulfur compound to react with hydrogen and the
metal oxides thereby con-verting them into sulfides without any
additional process steps. These presulfurized catalysts provide
an economic advantage and avoid many of the hazards such as
flammability and toxicity, which the plant operator encounter

; when using hydrogen sulfide, liquid sulfides, 'polysulfides
and/or mercaptans to sulfide the catalysts.
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known. Hydrotreating catalysts have been presulfurized by

incorporating sulfur compounds into a porous catalyst prior to

hydrotreating a hydrocarbon feedstock, using, for example,

organic polysulfides, or elemental sulfur in which case hydro-

gen is used as a reducing agent to convert the elemental sulfur

to hydrogen sulfide in situ. U.S.-A-4,943,547 discloses sub-

liming elemental sulfur into the pores of the catalyst then
heating the sulfur-catalyst mixture to a temperature above the
melting point of sulfur in the presence of hydrogen which
activates the catalyst. WO-A-~93/02793 discloses a method where
elemental sulfur is incorporated in a porous catalyst and at the

same time or subsequently the catalyst is treated with a liquid
olefinic hydrocarbeon.

However, these ex-situ presulfurized catalysts, which are
spontaneously combustible and may be pyrophoric or self-heating,
these two groups differing in the degree of spontaneous
combustion, must be transported to the user or plant operator.
Pyrophoric substances ignite, even in small quantities, wit;zin
five minutes of coming into contact with air whereas self-
heating substances ignite in air only when in large quantities
and after long periods of time. Pyrophoric substances are
typically classified as Division 4.2 Packing Group I and self-
heating substances are classified in either Packing Growup II or
Packing Group III according to the test procedures recommended
in the Dangerous Goods Special Bulletin, April 1987, published
by TDG Ottawa, Transport Canada for Class 4, Division 4.2. These
spontaneously combustible substances must be packaged in a
United Nations designated 250 kg metal drum or in a smaller
package of 100 kg plastic fiber drum or even smaller.

It is clearly desirable to transport these presulfurized
catalysts in lafger quantities such as in flow bins or super-
sacks but they must pass the test for spontaneously combustible
substances.

Further, some of the prior art ex-situ methods of presul-
furizing supportad 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

a
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Therefore, it is an object of the present invention to

treat spontaneously combustible catalysts in a manner to
suppress their self-heating properties.

The present invention provides a composition comprising a
spontaneously combustible catalyst at least a portion of which
has been coated with a substance comprising at least one oxygen-
containing hydrocarbon having at least 12 carbon atoms; this can
be achieved by contacting the catalyst with the oxygen-
containing hydrocarbon at a temperature of at least 0°C. Such
composition has a reduced self-heating characteristic when
compared to the spontaneously combustible catalyst which has not
been coated.

Further, the present invention also provides an improved
method of presulfurizing a sulfidable metal or metal oxide(s)-
containing 'cataly‘st which suppresses self-heating
characteristics, which comprises :

(a) contacting said catalyst with elemental sulfur, a
sulfur compound or a mixture thereof at a temperature such that
at least a portion of said sulfur or sulfur compound is
incorporated in the pores of said catalyst by impregnation,
sublimation and/or melting; and

(b) prior to, at the same time or subsequently comtacting
said catalyst particles in the presence of an oxygen-contalnlng
hydrocarbon having at least 12 carbon atoms.

The method is particularly suitable for application to
hydrotreating and/or hydrocracking or tail gas treating
catalysts, for hydrocracking hydrocarbon streams.

Furthermore, the present invention provides a method of
unloading a catalyst during a halt in the operation of the
reactor wherein the catalyst in the reactor is contacted with
a mixture comprising an oxygen-containing hydrocarbon having at
least 12 carbon atoms prior to unloading.

It has been found that by treating a spontaneously
combustible catalyst by contacting with an oxygen-containing
hydrocarbon having at least 12 carbon atoms, the resulting
catalyst
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treat spontaneously combustible catalysts in a manner to
suppress their self-heating properties. _

The present invention provides a composition comprising a
spontaneously combustible catalyst at least a portion of which
has been coated with a substance comprising at least one oxygen-
containing hydrocarbon having at least 12 carbon atoms; this can
be achieved by contacting the catalyst with the oxygen-
containing hydrocarbon at a temperature of at least 0°C. Such
composition has a reduced self-heating characteristic when
compared to the spontaneously combustible catalyst which has not
been coated.

Further, the present invention also provides an improved
method of presulfurizing a sulfidable metal or metal oxide(s)-
containing catalyst which suppresses self-heating
characteristics, which comprises :

(a) contacting said catalyst with elemental sulfur, a
sulfur compound or a mixture thereof at a temperature such that
at least a pcttion of said sulfur or sulfur compound is
incorporated in the pores of said catalyst by impregnation,
sublimation and/or melting; and

(b) prior to, at the same time or subsequently cortacting
said catalyst particles in the presence of an oxygen-containing
hydrocarbon having at least 12 carbon atoms. :

The method is particularly suitable for application to
hydrotreating and/or hydrocracking or tail gas treating
catalysts, for hydrocracking hydrocarbon streans.

Furthermore, the present invention provides a method of
unloading a catalyst during a halt in the operation of the
reactor wherein the catalyst in the reactor is contacted with
a mixture comprising an oxygen-containing hydrocarbon having at
least 12 carbon atoms prior to unloading.

It has been found that by treating a spontaneously
combustible catalyst by contacting with an oxygen-containing
hydrocarbon having at least 12 carbon atoms, the resulting
catalyst .
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Thus, the process allows an otherwise spontaneously combus-tible
catalyst to be transported or shipped in any suitable péckaging
such as flow-bins, super-sacks, or sling-bins for example.

As used herein, a "spontaneously combustible catal&st(s)"
is any heterogeneous or solid metal(s)-, metal oxide(s)-, metal
sulfide(s)- or other metal compound(s)- containing catalyst,
optionally on a support which can be classified as a
spontaneously combustible substance according to the test
procedures recommended in the Dangerous Goods Special Bulletin,
April 1987, published by TDG Ottawa, Transport Canada for Class
4, Division 4.2 or has a onset of exotherm below 200°C as
measured by the self-heating ramp test des-cribed below. The
terms “metal(s)-", "metal oxide(s)-" and "metal sulfide(s)-"
containing catalysts include catalyst precursors that can be
used as catalysts after further treatment or activation.
Further, the term "metal(s)" includes metal(s) in partially
oxidized form. The term "metal oxide(s)" includes metal oxide(s)
in partially reduced form. The term "metal sulfide(s)" includes
metal sulfide{s) that are partially sulfided as well as totally
sulfided metals.

It is understood that while the normal catalyst prepara-
tive techniques will produce metal oxide(s), it is poswible 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 as ‘"sulfidable metal oxide
catalyst(s)". Also the process of the instant invention can be
applied to regenerated catalysts which may have the metal
sulfide not completely converted to the oxides.

' Other componenté such as carbides, borides, nitrides,
oxyhalides, alkoxides and alcoholates can also be present.

In one embodiment of the present invention, a spontane-
ously combustible catalyst is contacted with at least one
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o°c, preferably at least 15°C to 350°C, and more preferably 20°C

to 150°C. Upon contact, the oxygen-containing hydrocarbon is
impregnated into the spontaneously combustible catalyst so that
the surface of the catalyst is coated with the oxygen-containing
hydrocarbon. For the purpose of definition, the surface of the
catalyst includes the external surface of the catalyst as well
as the internal pore surfaces of the catalyst. The word
"coating" does not rule out some reaction as defined below.

The mechanism by which the oxygen~containing hydrocarbon
suppresses the self-heating characteristics of the spontane-
ously combustible catalysts is not known and will be referred
to, for convenience as “reaction" or "“reacts". The suppressed
self-heating result can be readily determined without undue
experimentation by measuring the exothermic onset temperatures
for a specific rising temperature profile of catalysts sub-
jected to differing temperature/time treatments with and with-
out the oxygen-containing hydrocarbon, as shown below.

When sulfur-containing catalysts are treated their sulfur

retention or activity is not substantially compromised. The
sulfided catalysts can be catalysts sulfided by an in-situ
presulfiding method or an ex-situ presulfiding or presulfuri-
zing method. Such catalysts can be fresh or oxy-regenerated, for
example, those disclosed in U.S.-A-4,530,917; 4,¥77,136;
4,089,930; 5,153,163; 5,139,983; 5,169,819; 4,530,917 or
4,943,547 or WO-A-93/02793, or reduced hydrogenation catalyst
such as disclosed in U.S. Patent No. 5,032,565.
. The treatment can also be applied prior to, at the same
time or subseguent to presulfurizing a presulfidable metal or
metal oxide catalyst. Preferably the catalyst is heated after
contacting with elemental sulfur or a sulfur compound at an
elevated temperature and time sufficient to fix the sulfur onto
the catalyst. Such heating process can be before or after
treatment with the oxygen-containing hydrocarbon.

Generally, the catalysts of the present invention also

have enhanced resistance to sulfur stripping during startup in
a
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not kxnown and will be referred to for convenience as "reaction”
or “reacts". A suitable method for determining sulfur stripping

resistance is described below wherein toluene is used as
stripping agent. '

Further, for reasons unknown for elemental ‘sulfur-
incorporated catalysts, the percent retention of sulfur is
generally improved by the treatment, particularly for some high-
pore volume catalysts.

There are three general methods for carrying out the
presulfurising process.

In the first method porous catalyst particles are contac-
ted with elemental sulfur or sulfur compounds or nmixtures
thereof so as to cause the sulfur or sulfur compounds to be
incorporated into the pores of the catalyst by impregnation, by
sublimation, by melting or by a combination thereof to produce
“sulfur-incorporated catalysts."

The sulfur-incorporated catalyst particles are contacted
with the oxygen-containing hydrocarbon at temperatures and times
sufficient to cause the catalyst particles to exhibit suppressead
self-heating properties.

When using elemental sulfur, the catalyst is contacted at
a temperature such that the elemental sulfur is substantially
incorporated in the pores of the catalyst by sublimation and/or
melting. While the catalyst particles can be contacted’ with
sulfur in the molten state, it is preferred to first admix the
catalyst particles with powdered elemental sulfur and then heat
the mixture to above the temperature at which sublimation of the
sulfur occurs.

Generally the catalyst particles are heated in the presence
of the powdered elemental sulfur at a temperature gfeater than
about 80°C. Typically the catalyst and powdered sulfur are
placed in a vibratory or rotary mixer and heated to the desired
temperature for sufficient time, typically 0.1 to 10 hours or
more, to allow for the incorporation.

This Sheet Has Been Reilaced
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conditions 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.

The sulfur-incorporated catalyst is then treated with the
oxygen—-containing hydrocarbon, as discussed below.

The sulfur-incorporated catalyst may be further heated
before and/or after the oxygen-containing hydrocarbon treatment
at a temperature greater than about 150°C, preferably from 175°C
to 350°C and more preferably from 200°C to 325°C, to fix the
incorporated-siufur onto the catalyst. ,

Preferred sulfur compounds include, for example, ammonium
sulfide, organic mono-, di~ and poly-sulfides, dialkyl sulf-
oxides and compounds derived from these upon heating or reduc-
tion in the presence of the sulfidable metal oxide and mixtures
thereof. Examples of organic sulfides include poly-sulfides of
general formula R-S(n)-R' or HO-R-S(n)-R-OH wherein n is an
integer from 3 to 20 and R and R' are independently organic
radicals of ‘1 to 50 carbon atoms such as ditert dodecyl
polysulfide and diethanol disulfide; mercaptoalcohols such as
2-mercaptoethanol;. alkylmercaptans such as n-butyl mexgaptan;
thioglycols such as dithiopropyleneglycol; dialkyl or diaryl
sulfides such as di-n-butyl sulfides and diphenyl sulfides;
dialkylsulfoxides such as dimethyl sulfoxide; and mixtures
thereof.

Before use, the sulfur compounds are typically impregnated
with an agueous or organic solution such as a hydrocarbon or
non~hydrocarbon equivalent to light gasoline, hexane or gasoline
of white spirit type, for example as described in U.S.-A-
5,153,163; 5,139,983; 5,169,819; and 4,530,917. The resulting
catalysts are typically reduced by hydrogen, or other organic
reducing agent such as formic acid, methyl formate, ethyl
formate, acetaldehyde or methyl alcohol. The sulfur compound-
'irg_corporated catalyst can be treated with the oxygen-~containing
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conditions described above for the elemental sulfur-incorporated
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In the second method, a porous sulfidable metal oxide-
containing catalyst is contacted with a mixture of powdered
elemental sulfur and/or a sulfur compound and the oxygen-
containing hydrocarbon, preferably while heating the resultant
nmixture to a temperature above about 80°C.

In this embodiment, the catalyst particles are contacted
with the elemental sulfur, preferably powdered, and/or at least
one sulfur compound and the oxygen-containing hydro-carbon
simultaneously. Other hydrocarbons such as olefins can be
optionally added simultaneocusly. A mixture of powdered ele-
mental sulfur and/or sulfur compound and oxygen-containing hy-
drocarbon is first produced. When elemental sulfur is used, the
ratio of hydrocarbon to sulfur by weight is typically from 1:2
to 30:1, preferably from 1:1 to 6:1. The mixture may be heated
to promote homogeneity, particularly if the hydrocarbon is not
i:i.quid at ambient conditions or the mixture may be a suspension.
Toluene or other light weight hydrocarbon solvents may be added
to decrease the viscosity of the mixture. Increased heat will
achieve the same effect. When a sulfur compound is used as the
source of sulfur, the ratio of hydrocarbon to sulfur compound
by weight is typically from 1:2 to 30:1. The mixture_js then
added to a preweighed catalyst sample and mixed. When a nixture
of elemental sulfur and sulfur compound is used as the source
of sulfur, a ratio of hydrocarbon to total sulfur and by weight
from 1:2 to 30:1 is suitable. '

When, elemental sulfur is at least partially used, the
mixture is then heated to incorporate sulfur at a temperature
of above about 80°C. The times and temperature can be the same
as in for the first embodiment. When sulfur compounds are used
the catalyst can be reduced as above for the first embodiment.

In the third method, a porous sulfidable metal oxide-
containing catalyst is <first contacted with the oxygen-
containiné hydrocarbon before the presulfurization step. The
resultant mixture can be optionally heated to a temperature

above about room e
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and/or oxygen-containing hydrocarbon is preferably heated to at
least a temperature where the hydrocarbon becomes liquid or
semi-fluid. The hydrocarbon treated catalyst is then
presulfurized by contacting with elemental sulfur and/or sulfur
compound as described for the first method. Optionally, the
hydrocarbon-treated presulfurized catalyst can be heated during
the sulfurization step or after impregnation of sulfur compounds
regardless of prior heat-treatment. The catalyst should
preferably be heated at some point after contacting with the

sulfur at a temperature above about 150°C so as to fix the

sulfur on the catalyst. .
The catalyst is preferably treated with the oxygen-
containing hydrocarbon after sulfur and/or sulfur compound
- incorporation for superior suppression of self-heating
characteristics. If the sulfur and/or sulfur compound and the
hydrocarbon are contacted with the metal or metal oxide(s)
catalyst simultaneously, it is preferable that the catalyst is
contacted in such a manner which allows the sulfur and/or sulfur
compounds to be incorporated or impregnated into the pores of
the catalyst prior to the catalyst reacting or being coated with
the hydrocarbon at a temperature of above 80°C.

In any of the above methods the amounts of sulfur of sulfur
compounds used will depend upon the amounts of catalytic metal
present in the catalyst. Typically the amount used is determined
on the basis of the stoichiometric amount of sulfur or sulfur
compounds required to convert all of the metal on the catalyst
to the sulfide form. For example a catalyst containing
molybdenum would require two moles of sulfur or mono-sulfur
compounds to convert each mole of molybdenum to molybdenum
disulfide. On regenerated catalysts, existing sulfur levels may
be factored into the calculations for the amounts of elemental
sulfur required. _

It has been found that the addition of presulfurizing
sulfur in amounts down to about 50 percent of the stoichiometric
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hydrotreating and first stage hydrocracking catalysts. Thus, the
amount of presulfurizing sulfur used for incorporation into the
catalyst will typically be from 0.2 to 1.5 times, and preferably
from about 0.4 to about 1.2 times the stoichiometric amount.

For hydrotreating/hydrocracking and tail gas treating
catalysts containing Group VIB and/or Group VIII metals the
amount of presulfurizing sulfur employed is typically 2% to 15%,
and most preferably, 6% to 12%, by weight of the catalyst
charged. It is preferred not to add so much sulfur or sulfur
compound to the catalyst that the pores are completely filled
up. By leaving residual pore volume, the oxygen-containing
hydrocarbon can penetrate the pores and react therein.

The key step in the present invention is to contact the
catalyst with an oxygen-containing hydrocarbon héving at least
12 carbon atoms for a sufficient time such that the hydrocarbon
impregnates (or reacts) with the catalyst and provides a
catalyst that is less spontaneously combustible #nd, for a
sulfurised catalyst, is more resistant to sulfur leaching than
one not contacted with the hydrocarbon. Typically the contact

temperature is greater than about 0°cC, desirably from 15°C to

350°C, preferably from 20°C to about 150°C. The contact

temperature will vary depending on the melting point or
sublimation. temperature of the hydrocarbon. For example, when
the oxygen-containing hydrocarbon is a solid or a semi-solid
such as lard, the temperature should preferably be at least as
high as the melting point for a time sufficient for the catalyst
to flow freely (appear "dry" and not stick or clump), i.e. it
is liquid or semi-fluid, to enable the hydrocarbon to coat
and/or impregnate the catalyst. Lard, for example, is preferably
contacted at a initial temperature of about 80°C. The process

temperature can be readily determined by the melting point of

the s0lid or semi-solid at a given pressure environment or

visually by checking if the oxygen-containing hydrocarbon flows.

Contact times will depend on temperature and the viscosity of

the oxygen-containing hydrocarbon, higher B
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Preferably the oxygen-containing hydrocarbon is- suffi-
ciently flowable or sublimable to give sufficient contact with
the catalyst. A hydrocarbon which is liquid at the elevated
temperature of contact is more preferred for ease of handling.
It is preferred that the hydrocarbon is a higher hydrocarbon,
i.e., one having greater than twelve, preferably greater than
sixteen, and more preferably greater than twenty carbon atoms.
The upper carbon number is determined by the melting point,
solidification point, or smoke peoint of the hydrocarbon in
guestion. While solid fatty oxygen-containing hydrocarbon having
carbon numbers greater than 100 can be used, they are inconven-
ient since they must be heated to such a high temperature in
order to be converted into a liquid, although they can be used
with a solvent. Hydrocarbons with carbon numbers from 12 to 100,
preferably from 16 to 80 are found most useful. )

The term “oxygen-containing hydrocarbon" as used herein
refers to hydrocarbon molecules containing at least one oxygen
atonm, which includes, for example, acids, acid esters, alcohols,
aldehydes, ketones and ethers. Mixtures may be used such as acid
esters and alcohols, and different acid esters. It can be
primary, secondary or tertiary, straight or branched_ chain,
cyclic, acyclic or aromatic, saturated or unsaturated.
Preferably, the hydrocarbon moiety contains at least -some
unsaturation for superior activity as a hydrotreating,
hydrocracking or tail gas treating catalyst, typically an
unsaturated fatty acid ester. The term "“unsaturated" as used
herein refers to hydrocarbon molecules containing at least one
carbon~carbon double bon3 or compound(s) containing some carbon-
carbon double bond and will have an iodine value of at least 60
measured by standard iodine measuring technigues such as
American 0il Chemist Society (AOCS) Official Method Cd 1-25 or
IUPAC Method 2.205 described in International Union of Pure and
Applied Chemistry, 7th ed., Blackwell Scientific Publications
1987 or any other standard iodine n.easuring techniques. The term
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"saturated" as used herein refers to oxygen-containing
hydrocarbon compounds containing no carbon~carbon double bonds
or compound(s) containing minimal carbon~carbon double bonds and
have a iodine value of less than 60 measured by AOCS Official
Method C4 1-25, IUPAC Method 2.205 or any other standard iodine
measuring techniques. :

Preferred hydrocarbons include those having at least 12,
preferably 16, more preferably 20 carbon atoms for example,
higher alcohols such as dodecanol, hexadecanol, farnesol, hexe-
strol, oleyl alcohol, cetyl alcohol, hexacosanol, triacontanol,
cocceryl alcohol and octacosancl; higher ethers such as dicetyl
ether; higher ketones such as palmitone, 10-hydroxypalmitone and
3-octadecanone; higher aldehydes such as palmitaldehyde and
olealdehyde; higher acids such as saturated acids such as
lauric, myristic, palmitic, stearic, and docosanoic acids or
unsaturated higher acids such as palmitoleic, oleic, linoleic,
linolenic, eleostearic, ricinoleic, eicosenoic, docosenoic,
eicosatetraenoic, eicosapentaenoic, decosapentaencic and
docosahexaenoic; higher acid esters including mono-, di-, tri-
and poly-fatty acid esters including alkyl and aryl esters of
the above acids (e.g. benzyl oleate and butyl oleate) and esters
of the above acids with mono-glyceride, di-glycerides and
triglycerides and mixtures thereof. Glyceride fatty acid esters
having from 16 to 100, more preferably 18 to 90, most preferably
20 to 80 carbon atoms are preferred. '

Examples of commercial glyceride fatty acid esters include
soybean o©il, linseed o0il, safflower oil, corn oil, sunflower
oil, cottonseed o0il, olive o0il, tung o0il, castor oil, rapeseed
oil, tall oil, peanut oil, coconut oil, palm oil, canbra oil,
perilla oil, lard, tallow, marine fat or oil such as fish fat
or oil (e.g. herring and sardine), vegetable residues and mix-
tures thereof. Some examples of commercial higher alcohols in-
cludes alkanol mixtures such as NEODOL alcohols (Shell Chemical
Company), including mixtures of C,,C,, and C; alkanols (NEODOL
91), mixtures of Cy, and C;3 alkanols (NEODOL 23), mixtures of C,,
Cis, Cu and C;; alkanols (NEODOL 25), and mixtures of C;, and C
alkanols (NEODOL 4S5); the ALFOL Alcohols (Vista Chemical
Company), including
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hydrotreating.,31digh BYSLRELRCKEN,, ¢, and Cj alkanols (ArFoL 1620); the
EPAL Alcohols (Ethyl Chemical Company), including mixtures of
Cy and Cp; alkanols (EPAL 1012), mixtures of C;;, amd ¢, alkanols
(EPAL 1214) and mixtures of Cy, Cy, and C; alkanois (EPAL 1418);
and the TERGITOL-L Alcohols (from Union Carbide corporation),
including mixtures of Cj, Cj5, & and Cs alkanels (TERGITOL-L
125). Suitable commercially available alkanels Frepared by the
reduction of- naﬁurally occurring fatty acid estexs include, for
example, the CO and TA products of Procter and Gamble Company
and the TA alcohols of Ashland Oil Company. Higher oligomers
and polymers of polyols such as alkylene glycols are also
suitable as higher alcohols.

Optionally, the oxygen-containing hydrocarbon treated
catalyst can be further treated with or simultaneously treated
with, or treated prior to the hydrocarbon treatment with olefins
to enhance catalytic activity in hydrocracking, hyarotreating
or tail gas treating. The term "“olefin" as used herein refers
to hydrocarbons containing at least one carbon-carbon double
bond. The olefins may be monoolefins or polyolefins, cyclic or
acyclic, linear or branched. Suitable monoolefing include
decene, undecene, dodecene, tridecene, tetradecene, pentadecene,
hexadecene, heptadecene, octadecene, nonadecene and eigposene,
whether branched, linear or cyclic, alpha or internal olefin.
Similar materials in the form of di-, tri- and polyeclefins may
be used. Polycyclic olefins and polyolefins may also be used.
Dicyclopentadiene is found useful. The - oxygen-containing
hydrocarbons may also be mixed with other hydrocarbons, such as
alkanes or aromatic solvents.

In general, for superior activity of the catalyst upon
start-up in the plant, the weight percent of the unsacurated
compounds of any hydrocarbon used in the process (including
unsaturated oxygen-containing hydrocarbon and olefin) should be
above about S5%wt., preferably above about 10%wt., and most
preferably above about 303wt. Generally, a higher veight percent
of unsaturation compounds is used, say above about Egswt; most
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i nventi on c&iydm:dsmfﬂbﬂdamrer olefins). For example, when the catalyst is
treated with olefins and oxygen-containing hydrocarbons, the
unsaturation may be provided from olefin alone using saturated
oxygen-containing hydrocarbons or from olefin and some
unsaturated oxygen-containing  hydrocarbon. of course,
unsaturated oxygen-containing hydrocarbon alone without olefins
can also be used. It is to be understood that the oxygen-
containing hydrocarbons may be provided as oxygen-containing
hydrocarbon precursors which are converted to the oxgyen-
containing hydrocarbon before or upon reaching the reaction
temperature such as, reacting lower molecular weight acids (e.g.
lower than C;, acids) with glycerol to form a higher triglyceride
acid ester.

The minimum amount of oxygen-containing hydrocarbon used
should be such that the catalyst obtained that is 1less
spontaneously combustible. The maximum amount of oxygen-
containing hydrocarbon used is determined primarily by
economics. In a preferred embodiment the amount of substance or
mixtures containing the oxygen-containing hydrocarbon is used
that will just £ill the pore volume of the impregnated catalyst
or just slightly less, down to about 50 percént, preferably down
to about 70 percent of the pore volume. A general range-is from
50 to 95, more preferably from 70 to 90, percent. A preferred
target range is from 80 to 95 percent although greater than 100%
hydrocarbon can be used. In this manner, the treated catalyst
will be "dry*" (flow freely) and is more convenient to handle.

The presulfurized catalyst obtained by the above
presulfurization process may be converted to sulfided catalysts
by contact with hydrogen at temperatures of at least about
200°C, preferably from 200°C to 425°C, or 450°C for, say, 0.5

hours to up to 3 days.
In preferred operation the presulfurized catalys£ 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 (hydrotreating and/or
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activation of the catalyst 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 hydrotreatipg and/or hydrocracking process, a
hydrocarbon feedstock flow may be started simultaneously with
the 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
oxXy-regenerated catalyst may be presulfurized as would fresh
catalyst in the manner set forth above.

The instant dinvention also provides a method for
stabilizing (less spontaneouly combustible or redﬁcing the self-
Jheating characteristics) a supported metal catalyst containing
elemental sulfur, particularly a Group VIB and/or Group VIII
metal catalyst, by contacting the catalyst with an oxygen-
containing hydrocarbon at a temperature and time sufficient to
impregnate and/or to react with the catalyst.

In applying the oxygen-containing hydrocarbon toc the
catalyst, the oxygen~containing hydrocarbon can be added in
batches and mixed or added continuously by spraying the catalyst
with the oxygen-containing hydrocarbon.

The inventive process is particularly suitahle for
application to hydrotreating and/or hydrocracking or tail gas
treating catalysts. These catalysts typically comprise Group VIB
and/or Group VIII metals supported on porocus supports such as
alumina, silica, silica-alumina or zeolite; they can be prepared
by techniques described in e.g. U.S.-2A-4,530,911, 4,520,128 and
4,584,287, Preferred hydrotreating and/or hydrocracking or tail
gas treating catalysts contain a group VIB metal selected from
molybdenum, tungsten and mixtures thereof and a Group VIII metal
selected from nickel, cobalt and mixtures thereof, 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
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Psig. The catalysts. Phosphorus is sometimes added as a promoter. A
versatile tail gas treating catalyst which shows good activity
under various reactor conditions is an alumina-supported ' cobalt-
molybdenum catalyst.

Hydrotreating catalysts which are specxf:.cally designed for
hydrodenitrification operations, such as alumina-supported
nickel-molybdenum catalysts, presulfurized or presulfided as
described have equal activities, particularly hydrodeni-
trification activities, compared with catalysts without the
oxygen-containing hydrocarbon treatment. Hydrocracking catalysts
such as nickel-molybdenum or nickel-tungéten on a zeolite or
silica~-alumina support presulfurized as described provide
increased 1liquid yield over catalysts without the oxygen-
containing hydrocarbon treatment. Thus, the invention is also
an improved hydrotreating and/or hydrocracking process which
comprises contacting at hydrotreating and/or hydrocracking
conditions a hydrocarbon feedstock and hydrogen with a catalyst
which has been presulfurized as described and which has been
heated to hydrotreating and/or hydrocracking temperature in the
presence of hydrogen and optionally a hydrocarbon feedstock.
The ability to avoid instantaneous combusting provides the
presulfurized catalysts with a significant commercial advantage.

The ex-situ presulfurization method of this invention
allows the hydrotreating, hydrocracking and/or tail gas treating
reactors to be started up more quickly compared with the in-situ
operation by eliminating the presulfiding step. . Further, the
presulfurized catalysts of the invention can be handled more
conveniently than the conventicnal ex-situ presulfurized
catalysts. Thus, the instant invention provides a process for
starting up a hydrotreating and/or hydrocracking reactor, which
comprises loading the catalyst presulfurized as described herein
into the reactor and activating the catalyst by heating the
reactor to operating conditions in the presence of hydrogen- and
optionally a hydrocarbon feedstock. Further, it has been found
that catalysts activated by heating the catalyst in the presence
of hydrogen and at least one
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include, for example, jet fuels, kerosines, diesel fuels,
gasolines, gas oils, residual gas oils and hydrocarbon feed
streams (feedstocks). The catalysts are suitably activated at
a temperature from 25°C to 500°C, preferably to 450°C, and a
hydrogen pressure of from 50, preferably 350, to 3000 psig. The
hydrocarbon rate will typically have a liquid hourly space
velocity ("LHSVY) from 0.1, preferably from 0.2, to about 20,
. preferably 15, more preferably 10, hr'.
Hydrotreating conditions typically comprise temperatures
from 100°C to 450°C, preferably to 425°C, and pressures above 40

atmospheres. The total pressure will typically range from 400
to 2500 psig. The hydrogen partial pressure will typically
range from 200 to 2200 psig. The hydrogen feed rate will
typically range from 200 to 10000 standard cubic feet per barrel
("SCF/BBL"). The feedstock rate will typically have a liquid
hourly space velocity (Y1IHSV") from 0.1 to 15.

Hydrocracking conditions typically comprise temperatures
from 100°C, preferably from 150°C, more preferably from 200°C,
to 500°C, preferably to 485°C, more preferably to 450°C, and

pressures from 40 atmospheres. The total pressure will t9pically
be from 100 to 3500 psig. The hydrogen partial pressure will
typically range from 100, preferably from 300, more preferably
from 600 psig, to 3500, preferahly to 3000 psig. The hydrogen
feed rate will typically range from 1000, more preferably from
2000, to 15,000, more preferably to 10,000, SCF/BBL. The
feedstock rate will typically have a LHSV from 0.05, preferably
from 0.1 to 20, preferably to about 15, more preferably to about
10. First stage hydrocrackers, which carry out considerable
hydrotreating of the feedstock may operate at higher tempera-
tures than hydrotreaters and at lower temperatures than second
stage hydrocrackers.

. Tail gas treatment reactors typically operate at temp-
eratures ranging from 100°C, preferably from 200°C, to about
450°C, preferably 400°C and at atmospheric pressure. Typically
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In another embodiment of the invention, catalysts in a
refining or a chemical plant reactor such as hydrocracking,
hydrotreating, tail gas treating, hydrogenation, dehydrogenation
isomerization and de-waxing can be treated with the oxygen-
containing hydrocarbon and optionally carrier oil including feed
oil and/or fused~ring aromatic hydrocarbons before unloading
from the reactor, typically when operation is sﬁspended, stopped
or halted by terminating the refining or chemical reaction, for
example by terminating the feed or by lower temperature, the
process provides a method of safely unloading the catalysts with
minimal catalyst oxidation and deterioration. The oXxXygen~-
containing hydrocarbon—-containing mixture (mixture can be
undiluted oxygen—ccntaining hydrocarbon) penetrates to the
surface of the catalyst and diffuses into the pores of the
catalysts at the temperature in the reactor after suspension (or
stopping) of its operation, and “coats" the catalyst with a
£ilm. -..

It is preferred that the temperature within the reactor
column be lower than the smoke point or boiling point (a2t the
reactor operation pressure) of the oxygen~containing hydrocarbon
when the mixture is added to the catalyst in the reactor. Thus,
after the operation of the reactor is stopped, the feed and/or
catalyst can be cooled from the operating temperature by
allowing the reactor to eqﬁilibrate with <the ambient
temperature, recycling or by passing feed through a cooling
unit. The feed to the reactor can optionally be shut off. For
many of the oxygen-containing hydrocarbons, the temperature of
the reactor and/or catalyst is preferably less than about
175°C, more preferably 1less than about 125°C when the

hydrocarbon is contacted with the catalyst at atmospheric
pressure. If the hydrocarbon is contacted with the
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‘catalyst at elevated reactor pressures, the reactor and/or
catalyst temperatures ‘can be higher. The contact temperature can
be as low as the unloading temperature or lower. The catalyst
is typically unloaded at a temperature about room temperature
to about 70°C.

The oxygen-containing hydrocarbon mixture can be introduced
into a reactor column after suspension of reactor operation. The
mixture can be added to a batch containing the catalysts or to
a recycle stream. Optionally, heavy o0il or any similar raw
material from the reactor columns can be removed before adding
the hydrocarbon. The catalyst is coated with the hydrocarbon
upon contact and incorporation, thus enhancing the safety of the
unloading operation by protecting the catalyst against oxidation
and rendering the catalyst less spontaneously combustible.

A mixture containing the oxygen-containing hydrocarbon

" preferably in an amount from 1 to 100 weight percent of the
mixture is contacted with the catalyst in the reactor for a time
effective to coat the catalyst and reduce the self-heatiﬁg
characteristics of the catalyst. Preferably the mixture should
be used in an amount sufficient to coat the surface of the
catalyst.

The oxygen-containing hydrocarbon may be applied in
admixture with a fused-ring aromatic hydrocarbon and/or a
carrier oil. Preferable fused-ring aromatic hydrocarbon include
for example, any fused-ring aromatic hydrocarbon containing at
least 2 rings, preferably 2 to 4 rings, such as naphthalenes
such as alkylnaphthalene; anthracenes such as alkylanthracene;
and pyrenes such as allylpyrene. Such fused-ring aromatic
hydrocarbons may be unsubstituted or substituted for example
with alkyl or aryl moieties. Carrier oil can be any hydrocarbon
stream used in refining operations or a blend thereof having a
flash point of above about 38°C. Preferably carrier oil includes

straight-run heavy gas oil (HGO), vacuum gas oil (VGO), diesel
oil and the like.

The oxygen-containing hydrocarbon and optionally
fused-ring aromatic hydrocarbon ahd/or carrier o0il can be added
through separate lines then mixed or added-after being mixed.
If desired, the mixture can be heated with any heating means
such as a heating
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The invention w§&1 now be fylustrated %% the follow1ng non-

limiting Examples.
Example I:

This Example demonstrates the case where the catalyst is
first presulfurized and then treated with oxygen-containing
hydrocarbon. _

: Sulfur i eaqnatio
A commercial hydrotreating catalyst having the
properties listed below was used.
Table 1: Catalyst Properties

Nickel 3.0 swt
Molybdenum 13.0 swt
Phosphorous 3.5 §wt
Support gamma alumina
Surface Area, mzjg 162

Water Pore Vol., cc/g 0.47

Size 1/16 inch trilobes

250 Gram of the above sample was dried at 371°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 at 85°C to produce a sulfur level of about 10% by weight.
The sulfur was allowed to coat the catalyst and then thé& flask,
which was provided with a slow nitrogen purge and placed in a
heating mantle, was further heated to 120°C for 30 minutes.
During this period the flask was vibrated continually to provide
mixing of sulfur and catalyst. The final sulfur level was about
10% by weight of the total catalyst. The water pore volume of
the sulfur-impregnated catalyst was determined to be about 0.37
cc/g. .

Part B: Oxyvaen-containin Hydrocarbon action an
Comparative Examples o

The sulfur-impregnated catalyst from Part A was impregnated
with the various oxygen-containing hydrocarbons listed in Table
2. Catalyst from Part A was also impregnated with Diesel and
Neodene 14/16/18 alpha-olefins as comparative examples.
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tive compounds)=grams of oxygen-containing hydrocarbon or com-
parative compounds. The pore volume of the catalyst was deter-
mined with water (mL/g). "Adjusted weight" is the amount of
sulfur/catalyst remaining after retains and pore volume
analysis. '

The lard, vegetable residue and coconut o0il, being solids
or semi-solids at room temperature, were heated up to approxi-
mately 80°C before being applied to the catalyst. All other hy-
drocarbons were simply added to the catalyst at room tempera-
ture. The catalyst was shaken with the hydrocarbon until the
catalyst appeared dry and is free flowing. This tock approximat-
ely 10 minutes per sample. Once the hydrocarbon was absorbed the
catalyst temperature was allowed to return to room temperature.

150 Grams of the catalyst were loaded into a 1 liter four-
neck flask equipped with a thermocouple through one of the necks
and placed in a heating mantle. Another neck of the flask was
tubed to a another flask equipped with a condenser which was
tubed to a silicone oil-filled container to prevent air back-
diffusion (outlet). Nitrogen flow was established to the flask
through another neck of the flask (inlet) at 273 cc/min. The
remaining neck was stoppered. The flask was attached to a
vibratory table and vibrated for the duration of the ‘heat
treatment described below.

The reactor was heated to 260°C over ten to twenty minutes
and held there typically for 30 minutes. After heat treatment
was complete,'the reactor contents were cooled to room tempera-
ture under nitrogen purge. The samples were analyzed for sulfur
content and the exothermic onset temperatures of the samples
vere tested. .

art C: S -Heating Ramp Test

Approximately a 12 gram aligquot of the test sample was
placed in a 3.1 cm diameter, 4.6 cm height sample container,
made of 250 mesh stainless steel net, covered with a 30 mesh
stainless steel net, container cover which had a square bottom
net with the '
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corners bent to form four legs so as to raise the sample
container 0.8 cm off platform.

The sample container was placed in a programmable furnace
at ambient temperature with a stagnant atmosphere. A thermo-
couple was placed in the center of the sample. Another thermo-
couple was placed near the sample container to monitor oven
temperature. The oven was ramped at 0.4°C/minute to 450°C. The
temperature data was collected and plotted as described below.

A time-temperature profile was plotted with temperature in
the Y-axis and time in the X-axis for catalyst temperature and
oven temperature.

Exothermic onset temperatures of the temperature profile
test were determined by drawing a 45 degree tangent on the
sample's temperature trace at the onset of an exotherm. From the
tangent point, a vertical line was drawn to the oven trace then
from that point horizontal to the Y axis for temperature
readings. The results of the self-heating ramp tests are shown
in Table 2 below.
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Table 2:-Exothermic Onset Temperatures

oxvgen-containing hydrocarbon onset of Exotherm (°C)
Lard ® 262
Vegetable Residue ¥ 250
Distilled Methyl Esters © : 206
Linoleic Acid ¢ 244
Fatty alcohol ¢ | 212
Linseed 0il ? 273
Soybean 0il ¥ 237
Coconut 0il ¥ 200

Comparative :

Diesel ? 156
Neodene® 14/16/18 ? _ 158

a) Lard from Armour Foods.

b) A vegetable o0il residue from Arista Industries, a mixture
of glycerides, polyglycerides, polyglycerols, dimer acids,
hydrocarbon and alcohols comprising 79%wt C; fatty acids,
and 17%wt C,,~fatty acids and having an iodine value of 95-
110.

c) Distilled methyl esters from Arista Industries, Inc. having
100 $wt of composition of CAS Registry No. 68990-52-3.

d) 99% purity linoleic Acid from Aldrich Chemical.

e) Mixture of alcohols from Henkel Corporation 87-95%wt oleyl
alcohol and 2-10%wt cetyl alcohol having 90-95 iodine
value.

f) Raw linseed cil from Anlor 0il Company.

qg) RBD soybean oil from Lou Ana Foods.

h) Laxmi Brand distributed by House of Spices.

i) No.2 fuel o0il with cetane value of 43 from Exxon Refining
and Marketing Company.

3) An olefin product manufactured by Shell Chemical Co.

93.5%wt. minimum alpha-monocolefin comprising 15%wt. C,
alpha-monoolefin, 50%wt. C;s alpha-monoolefin and 35%wt. C;
alpha-monoolefin.

Part D: Sulfur Ieaching Tests
Toluene was used as a extractive solvent for measuring the

ability of the catalysts to resist sulfur leaching. Generally,
the samples were subjected to a hot toluene extraction then
washed with petroleum ether and dried for analysis;_Sulfur
analyses before and following the extraction are used to
calculate percent sulfur retention.- A thorough drying of the

sample is necessary to prevent artificially high carbon and

sulfur readings during analysis.
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extractor was filled with approximately 10 grams of catalyst to
be analyzed and loaded into the Soxhlet extractor. The ‘boiling
flask was filled about 3/4 full (about 350ml) with toluene.
Toluene was brought to rapid boiling so a cycle of filling and
emptying of thimble occurs approximately every 7-9 minutes. The
catalyst sample was extracted for a minimum of 4 hours to a
maximum of 18 hours. Extraction was stopped when extract in
siphon tube was water clear. Catalyst was cooled and placed on
a filter in a Buchner funnel and washed with 50 ml of petroleum
ether to displace toluene and then dried in a 100°C oven for 1
hour. Prolonged drying may compromise results by loss of sulfur
from sample. An alternate drying method is to purge the sample
with nitrogen for 2 to 3 hours. The extracted-éatalysts were
analyzed for carbon and sulfur content (wt.$ and) with a LECO
corporation CS-244 carbon-sulfur analyzer. The percent of sulfur
retained after extraction is shown in Table 3 below. This
percent of retained sulfur is calculated as the amount of sulfur
on the catalyst after the extraction of Part D (Fresh Basis
after) divided by the sulfur in the catalyst after the oxygen-
containing hydrocarbon treatment of Part B (Fresh Basis before)
times 100%. Fresh basis was calculated ueing the following
equation: -..

Fresh Basis Sulfur = Sulfur wt.$ / (100-(Carbon wt.% + Sulfur
wt.%)) * 100%.

Table 3: Sulfur Leaching Results

“"Reactant" Hvdrocarbon
Amount of Sulfur After Extraction

0 en-containin drocarbon Sulfur Extractability (%)

Lard ¥ >95
Vegetable Residue Y 85
Distilled Methyl Esters © >95
Linoleic Acid * 86
Fatty alcohol © 66

Linseed 0il ? 85



RERLACEMENT \SHEET:

and renderi

containing th “6YV§§ﬁT66ﬁT’jﬁ
t-o 100 wei ght pgrzzggwmlt e
reactor for tine e fecti e

sel f-heatin
be used in

J
an. anount suff ici

I ng hydrocarbon preferably
m xture is contacted with t
to coat the catalyst and re

oxygen-cont & ni ng  Nydr ocar po

fused-ring ar omatd
Comparative

ent to coat t
appl

n my be i ed

96

Diesel ? 77
Neodene® 14/16/18 ? 95
a)-j) as described in Table 2.

Part E: Sulfur Retention Tests

A commercial hydrotreating catalyst having the properties
listed below was used to prepare the sulfurized catalysts:

Table 4: Catalyst Properties
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Nickel 2.24 swt
Molybdenumn 7.54 3wt
Phosphorus' 3.5 vt
Support ' gamma alumina
Surface Area, mz/g 309

Water Pore Vol., cc/g 1

Size 1/16 inch trilobes
Sulfur was impregnated according to the method of Part 2

using 5.9wt% of sulfur and soybean oil and Neodene 14/16/18 were

impregnated according to the method of Part B. Carbon and sulfur

content of the catalyst were analyzed using LECO corporation CS-

. 244 carbon-sulfur analyzer. Fresh Basis Sulfur was calculated

using the equation shown in Part D. Percent Stoichiometric
sulfur was calculated by dividing (the Fresh Basis Sulfuz)'over
(the amount of sulfur added) times 100 percent.

Table 5: Sulfur Retention
Carbon Sulfur Fresh Basis Percent
Sample wt.% wt.% Sulfur wt.% Stoichiometric
Neodene®” 26. 3.0 4.3 73
Soybean® 33.5 3.5 5.6 95

a) and b) as described in Table 2 as j) and g) respectively.

As can be seen from the Table the percent retention of
sulfur is significantly improved by using a glyceride fatty acid

. ester.

Example II:
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presulfided or sulfurized catalyst is coated with oxygen-
containing hydrocarbon.
A commercial sulfurized hydrotreating catalyst having the
properties listed below was used.

Table 6: Catalyst Properties

Nickel 3.0 twt
Molybdenum 13.0 %wt
Phosphorus 3.5 twt

) ' Sulfur 8 swt
Support gamma alumina
Size 1/16 inch trilobes

The oxygen-containing hydrocarbon listed in Table 7 was added
to the sulfurized catalyst in an amount listed. The hydrocarbon
was added to the catalyst at ambient temperature and allowed to
absorb into the pores. The treated catalyst may take some time
to absorb the substances so that it is not tacky and flows
freely. The self-heating ramp test was measured in a similar
manner to Example I, part C.

Table 7: Post-coating

oxvgen-containing Hydrocarbon Amount(wt%) Onset of Exotherm (°C)
1:1 wt ratio soybean:linseed 8 . 280

1:3 wt ratio soybean:linseed 10 - 260 _
Example IJT:

A presulfurized catalyst prepared in a similar manner to
Example I was used in a hydrotreating process. 7 types of
catalysts, (1 comparative) were used. These were:

1) COMP Catalyst - the commercial 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 - a catalyst prepared as described in
Illustrative Embodiment I with 100% stoichiometric sulfur and
using
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3) B_Catalyst = a catalyst prepared as described in
Illustrative Embodiment I with 100% stoichiometric sulfur and

using the vegetable residue described in Table 2.

4) C ‘Catalyst - a -catalyst prepared as described in
Illustrative Embodiment I with 100% stoichiometric sulfur and
using the coconut o0il described in Table in Table 2.

5) D_cCatalvst - a catalyst prepared as described in
Illustrative Embodiment I with 100% stoichiometric sulfur and
using the methyl esters described in Table 2.

6) E_Catalyst - a catalyst prepared as described in
Illustrative Embodiment I with 100% stoichiometric sulfur and
using the vegetable. -oil described in Table 2 and Neodene
14/16/18 alpha-olefin described in Table 2 in a weight ratio of
1:1. | '

The catalysts were loaded into the reactor as follows:
48cc of catalyst (basis compacted bulk density) was divided into
3 aliquots. The first aliquot contained 4 cc of catalyst and was
diluted with 10 to 14 mesh alundum at a ratio of alundum to
catalyst of 10:1. The remaining two aliquots contained 22 cc
of catalyst each and were diluted 1:1 with alundum. These
aliquots were loaded into the reactor tube with the dilute one
on top (the inlet end). '

activity Tests -
A blend of 50 wt% vacuum gas oil, 25 wt% light cycle
oil and 25 wt% CC heavy gas oil (VGO/LCO) was used as feedstock
having the following properties:

$wt Sulfur 1.93
ppn Nitrogen 1420
Refractive Index 1.5377 (25°C)

API Gravity 17.8°

1) COMP_Catalyst Activation

The Catalyst was dried at 400°C for one hour in air, cooled
in a desicecator and loaded into the reactor. It was sulfided
in a flow of 60 Nl1/hr of 95%vol hydrogen/5%vol hydrogen sulfide
according to the following schedule:
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a. ambient to 218°C in one hour

b. hold at 218°C for one hour

c. heat from 218°C to 329°C in one hour
d. heat from 229°C to 343°C in one hour
e. hold at 343°C for one hour

f. cool reactor and hold at 246°C

2) Diesel Activation

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

'~ a. Unit was pressurized to 700 psig and hydrogen
circulation was established at 1000 SCF/BBL ( Nl/hr).

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

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

d. The reactor was then cooled over 2 hours to 246°C.

3) Activity Testing _

For activity testing the unit was pressured up to 700 psig
and heated to 246°C with a hydrogen gas rate of 220 SCF/bbl
(13.2 Nl/hr). The VGO/LCO feed was started to the unit at 1.5
LHSV (66 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 reactor was at 329°C, a 12 hour break-in peried
was begun. The product from this period was not analyzed. The
run was continued with additional weight periods of 12 hours and

~ the products of third weight period (37-48 hours) were analyzed
for nitrogen and sulfur. From these values rate constants were

' calculated for the hydrodenitrification ("HDN") reaction and the
hydrodesulfurization ("HDS") reaction. These 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
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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 velpcit:y} 1 - 1 }
1.7-1 {conc. of S in product)®? (conc. of S in feed)®"’

The relative rate constants are provided in Table 8, normalized
against the values for the third weight period for the COMP
Catalyst. . _
Table 8: Activity Tests
Weight Period

Catalvst Activation HDS Rel.K Value HDN Rel. K Value

COMP 1) Standard 1.00 1.00
a 2) Diesel 0.94 ) 0.88
B 2) Diesel 1.04 0.94
C 2) Diesei 0.87 0.87
D 2) Diesel 0.94 1.02
E +2) Diesel 1.00 1.01 -..

As can be seen the catalysts of this invention show a
comparable hydrodenitrification activity (without significant
decrease in activity) to a traditional hydrotreating catalyst.

Further, catalysts containing unsaturated hydrocarbons show

advantage over catalyst with only saturated hydrocarbons with
regard to the hydrodenitrification activity.

Example IV:
2-753 Ni-W/Ultrastable Y zeolite based hydrocracking
catalyst, (from Zeolyst International Inc.), was presulfurized

nder
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according to the procedure outlined in Example I.

sulfur was incorporated according to the method of Part
A using 5.5 wt% of sulfur. Soybean oil and Neodene were
impregnated on the catalyst according to the method of Part
B. Carbon and sulfur content of the catalyst were analyzed
using LECO corporation CS8-244 carbon-sulfur analyzer. Fresh
Basis Sulfur was calculated using the equation shown in Part
D. Percent Stoichiometric sulfur was calculated by dividing
the Fresh Basis Sulfur percent by the percent sulfur
calculated for complete conversion of the oxidic nickel and
tungsten to the corresponding Ni,S, and WS, phases. |

Table 10: Sulfur Retention

Carbon Sulfur Fresh Basis Percent
Sample wt.% 3 Sulfur wt.% sto;ch1ometr1c
Neodene' 1.1 1.6
Soybean® 20.5 2 4 3.1 34

a) as described in Table 2 as j)

. b) as described in Table 2 as q)

As can be seen from Table 10, the percent retention
of sulfur is significantly improved by using a glyceride
fatty acid ester such as soybean oil. '

Performance Tests
A blend of 75 vol% hydrotreated cracked heavy gas

oil, and 25 vol% hydrocracker bottoms stream was used as
feedstock for performance testing of the zeolitic
hydrocracking catalysts obtained from Example IV and the
fresh Z-753 (Reference Catalyst). Some of the feedstock
properties are listed in Table 11. DMDS and n-amylamine were
added to the feedstock to generate the reguisite levels of H;S
and NH;, respectively.
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Table 11: Performance Testing Feedstock Properties

ppm Sulfur 14

ppm Nitrogen 25

wt¥ Carbon 87.334
wt$ Hydrogen 12.69 .
API Gravity 26.1°
338+ °C (wt%) 71.4
DMDS (wt%) 0.133
_n—amylamine (wtg) 0.079

Simulated Distillation of Feedstock

WTY IEMP °C
IBP is1
5% 248
25% 330
50% 382
75% 434
90% 481
98% 537

FBP 572

Performance Testing Conditions
The conditions employed for the performance testing

of the zeolitic catalysts above are given in Table 12.
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Catalyst Activation Procedures

1) Zeolite Reference Catalyst: Gas Phase Activation

The fresh 2Z-753 catalyst was dried at 482°C for one hour
in air, cooled in a desiccator and loaded into the reactor.
It was sulfided in a flow of 95% vol hydrogen/S% vol hydrogen
sulfide at a GHSV of 1500 hr?!, according to the following gas
phase schedule:

a. ambient to 149°C, hold 1 hour
a. 149°C to 371°C in six hours

b. hold at 371°C for two hours -
c. cool reactor to 149°C and hold
d. switch to pure hydrogen flow

1b) Zeolite Reference Catalyst: Liguid ase Activatio

To activate the zeolite catalyst, after loading it- -
dried, the reactor was brought to 1800 psig pure hydrogen, at
a circulation rate of 8935 scf hydrogen/bbl feed. The acti-
vation feedstock employed consisted of the performance
testing feedstock containing sufficient dimethyldisulfide
(DMDS) to produce 2.5 volt H,S, and n-amylamine to produce 15(
ppm NH; in the gas phase, respectively. The procédure for the
activation was as follows:

a. reactor brought to operating pressure and hydrogen
rate

b. activation feedstock introduced at 149°C

C. 149°C to 232°C in 3 hours
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e. 302 °C to 315 °C in 8 hours

f. hold 315 °C for 8 hours

g. switch to activity testing feedstock and adjust
temperature to maintain 80 wt%¥ conversion of feed.

During steps c-f, H,5 and i-butane were continuously
monitored in the exit gas stream of the reactor. Temperature

- was ramped as long as H,S remained above 2000 ppmv, and

isobutane concentration remained below 0.4 voli. Otherwise,
the ramp was discontinued until these levels were realized.

2) Zeolitic Catalyst:
Gas ase Activation with 5.0% vol

The zeolitic hydrocracking catalyst from Example IV
was dried at 482°C for one hour in air, cooled in a
desiccator and loaded into the reactor. It was activated in
the same manner as the catalyst in case 1) of this Example.

2a) Zeolitic catalyst:

Gas Phase Activation with 0.5% vol H,S.
After reactor loading 25 cc of the zeolitic

hydrocracking catalyst from Example IV and pressure testing,

the following procedure was used for a gas phase actiwvation

that simulates 0.5% H,S in the recycle gas:

a. pressurize reactor to 450 psig with pure H, and establish a
GHSV of 320 hr.

b. ramp temperature at 14°C/hr to 120°C; begin sampling the
reactor off-gas for H,S each 0.5 hr.

c. switch to 0.5% H,S/95.5% H, mixture

d. ramp temperature to 205°C at 14°/hr.

e. at 205°C, increase pressure to 1500 psig and establish a
GHSV of 850 hr’.

f. ramp temperature to 370°C at 14°C/hr, interrupt ramp if
H,S in reactor off-gas drops below 2000 ppmv.
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" g. hold at 370° for 4 hours
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performance testing ’

2b) Zeolitic Catalyst: Liguid Feed Activation

The same method as for reference catalyst liquid
activation was used to activate zeolitic catalyst from
Example IV. The same activity testing feed was used with
sufficient dimethyldisulfide (DMDS) and n-amylamine added to
produce 2000 ppm H,S and 150 ppm NH; in the gas phase,
respectively. DMDS was added to the feed in order to simulate
a minimum level of H,S that could be tolerated during
activation in the gas recycle loop of commercial units.

All gas phase activated catalysts (1), (2), (2a):

After activation with the hydrogen sulfide/hydrogen mixture,
the reactor was cooled to 149°C and the following startup
procedure was implemented:

a. introduce activity testing feed at 149°C
b. 149°C to 260°C in 5 hours
' c. 22°C/day for 4 days
d. 5.5°C/day for 5 days -=-.
e. adjust reactor temperature to maintain 80 wt%
conversion of 338+ °C in feed. |

Conversion (wt%) is defined as follows:

100 x WE B+ °C in feed - Wt% 338+ °C in cduct
(Wt% 338+ °C in Feed)

In this conversion definition, gaseous products are included.

.1
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Performance Testing Results

Liquid and gas product streams were both analyzed and
mass balanced yields based on feed oil and hydrogen were
calculated. Representative weight period results from-
‘testing of the three zeolite catalysts are found in Table 13.

Values for product cuts are reported as mass balanced wt$%
based on feed.
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in Table 2 bgy@¥ocracking catalysts.* Values reported are calculated for

80% conversion.

PRODUCT CUTS (°C)

Catalyst® Temp C=C, C:~82° 82-190° 190-288° 288-338° 338°+
1 378 15.0 23.0 37.8 9.1 2.7 14.5
1b 381 17.1  23.5 35.4 8.0 3.3 14.5
2 378  12.1 18.5 40.6 12.3 3.6 14.5
2a 381 14.4 19.3 39.7 11.5 3.7 14.4
2b 377 11.8 19.1 42.0 10.9 3.2 14.5
Catalyst' Temp C=C, Cs=82 B82-190 190-288 288-338 338+

1 384 17.7 25.4 34.9 7.3 2.3 14.6

2a 387 17.3 22.9 35.1 8.8 3.3 14.5

2b 381 13.2 19.9  40.9 10.4 2.9 14.5

(a) Absence of a letter following the catalyst reference
number denotes gas phase activation with 5% H,S/95% H,, “a"

following the catalyst number denotes gas phase activation
with 0.5% H,5/99.5% H,, and "b" denotes liquid phase

activation.

(c) Values reported are for 1400 hours on feed.

(b) Values reported are for 700 hours on feed.

As can be seen from Table 13, the zeolitic catalysts of
(2,2a,2b)
liquid yield relative to the reference catalysts (1 and 1b).

this invention

show a significant improvement in

This improvement occurs regardless of whether the reference

catalyst was activated in liquid phase or gas phase, but the

more appropriate
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comparison of the two liquid phase activations reveals the
greatest advantage for the invention catalyst. In this case,
the catalyst also exhibits an advantage in activity, with a 3°C

lower temperature requirement.at 80 wt$ conversion.

Table 14. Yield stability data on selected cuts for reference
and invention catalysts.

C,-C, Yields 82-190°C Yields
HOURS ==> 500 1000 1600 “ 500 2000 1600
Catalyst
1 13.8 16.6 18.3 38.6 36.4 34.5
2 11.1 14.2 - 41.4 39.0 -
2a 1l1i.6 14.8 16.8 40.6 37.8 35.5
2b 10.1 12,7 13.2 - 43.0 41.0 40.7

Table 14 illustrates the additional benefit oftfyield
stability associated with the process of liquid phasé activation
of the catalysts prepared according to Example IV. Both the gas
phase activated reference catalyst (1) and the liquid phase
activated invention catalyst (2b) have an initial C1-C4 yield
decline rate of 5.6 wt%/1000 hrs. However, in the case of (2b),
the yield decline rate between 1000 and 1600 hours on feed has
dropped to 0.8 wt%/1000 hrs, while that of (1) is 2.8 wt%/1000
hrs. The case is even more dramatic when examining the naphtha
‘range (82-190°C) 1liquid yields. The 1000-1600 hours yield
decline rate for (1) is 3.2 wt%/1000 hrs, while that of (2b) is
only 0.5 wt%/1000 hrs.
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in output of valuable products for the refiner, at the same time
decreasing the production of the less valuable C1-C4 stream.

Example V

In this Example a spontaneously combustible or self-heating
catalyst is unloaded from a reactor after treatment with oxygen-
containing hydrocarbon.

A highly self-heating, spent, hydrotreating catalyst listed
below (obtained from a hydrotreating reactor) was treated with
1.5 Wt. % soybean oil in a.carrier 0il (feed stream) and a
second sample of same material was treated with 100% soybean
oil. The mixtures were heated to 140°C under nitrogen for one
hour and then cooled and drained. The material was tested for
self-heating properties according to Appendix E of 49 CFR 173
(Test for Class 4, Division 4.2 Substances in Code of Federal
Regulations), which requires a 2.5 cm cube size sample and a 10
cm cube size sample.

The samples were further analyzed for exothermic onset by
a Differential Scanning Calorimetry, Mettler's TA 4000 using a
DSC27HP DSC measuring cell. For the purposes'cf this test the
onset and half the distance along the trace to the first peak
were entered to calculate the onset temperature and slop of the
curve. The sample was heated from 30°C to 500°C at 10°C per
minute. A 500 ce/min of air purge the DSC measuring during the
test.

Catalyst Properties:

Cobalt/Molybdenum on activated alumina

Size 1/20 inch
. Shape Quadralobe

Form . Spent

Carbon 12.9 Wt. %

Sulfur 7.9 Wt. %
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Both samples treated with soybean oil (at 1.5 and 100%)

passed the Large Basket Test as described in Appendix E of 49
CFR 173. The untreated sample failed the Large Basket Test.

Exothermic Onset temperatures for the samples determined
by DSC are as follows:

Table 15
Sample Onset Temperature Integration¥
(°c) (J/9)
Untreated Sample 140 2857.6
1.5 Wt.% Soybean 0il 238 392.2
100 Wt.$ Soybean 0il 232 | 261.0

* samples integrated from onset to 500°C.

Samples treated with soybean o0il have reduced self-heating.
The sample treated with 100% soybean 0il have a smaller overall
exotherm than the 1.5 Wt.% treated sample as shown by the
integration values for each sample.
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1. A composition comprising a8 spontaneously combustible catalyst at
least a part of which has been coated and/or impregnated with at lea-st one
oxygen-containing hydrocarbon having at least 12 carbon atoms, thereby
reducing the self-heating characteristics of said catalyst.

2. A composition according to claim 1 wherein the oxygen-
con;aining hydrocarbon is an acid, acid ester, alcohol, ketone, aldehyde or ether,
having at least 12 carbon atoms.

3. A composition according to claim 2 wherein the acid ester is a
glyceride fatty acid ester having from 16 to 100 carbon atoms.

4, A composition according to any one of claims 1 to 3 wherein the
oxygen-containing hydrocarbon has from 16 to 80 carbon atoms. |

5. A composition according to claim 3 or 4 wherein the acid ester is
an unsaturated fatty acid ester.

6. A composition according to claim 5 wherein the ester is derived

from palmitoleic, oleic, linoleic, linolenic, eleostearic, ricinoleic, eicosenoic, -
docosenoic, eicosatetraenoic, eicosapentaeno'ic, decosapentaenoic or .
docosahexaenoic acid or a mixture thereof.

7. A composition according to claim 5 or 6 wherein the ester is
derived from soybean oil, linseed oil, safﬂower oil, sunfiower oil, corn oil,
cottonseed oil, olive oil, tung oil, castor oil, rapeseed oil, tall oil, peanut oil,
canbra oil, perilla oil, vegetable residue, marine oil or a mixture thereof.

8. A composition according to claim 3 or 4 wherein the ester is a
saturated fatty acid ester.

S. A composition according 10 claim 8 wherein the saturated fatty

R
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’B m ) equipped with a boiling flask (500m ) and

27 A Sox SRS A ol A ke
Al I-i hn cngle .| The cotton thinble of the e'ﬁnsrsaentﬁas lad:elded
wi t h appf oki A}“?ﬁ? -of catalyst to be anal yzed o the
Soxhl et iling flask was filled about 3
350m ) th toluene.  ToT'ugne was brought- 4p-rapid boiling so a cyc e of
filling | I bl e occurs approximately every 7-9 mnutes. The
“cat al yst saspideesiasiscdérived fronf oscanution, Baim @il, 4ardos SIbOv dr a mixture

thereof.

10. A composition according to any one of the preceding claims

wherein the catalyst comprises at least one metal, metal sulfnde or metal oxide
of a metal of Group VIB or Group Viil of the Periodic Table

11. A composition according to claim 10 wherein the catalyst is
supported on alumina, silica; silica-alumina, zeolite or a mixture thereof.

12. A composition according to any one of the preceding claims
wherein the catalyst'is a presulfurized or a sulfided catalyst.

13. A composition according to any one of claims 1 to 11 wherein
the catalyst is a reduced catalyst.

1L4. A composition according to any one of claims 1 to 11 wherein
the catalyst is a hydrocracking catalyst.

15. A composition according to any one of claims 1 to 11 wherein
the catalyst is a hydrotreating catalyst.

16. A method of reducing the self-heating characteristics of a
spontaneously cé:mbustible catalyst contacting said spontaneously corﬁt;ustible
catalyst with at least one oxygen-containing hydrocarbon having at least 12
clarbon atoms. |

17. A method according to claim 16 wherein the hydrocarbon is one
defined in any one of claims 1 to0 9.

18. A method according to claim 16 or 17 wherein the catalyst is
one defined ih_an.y one of claims 10 to 15..

19. A process for preparing catalyst suitable for hydrotreating and/or

hydrocracking a hydrocarbon stream or tail gas treating a sulfur-containing gas

* c L M S *
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20. A process according to claim 19 wherein the catalyst is activated

by heating the treated presuifurized catalyst in the presence of hydrogen and at
least one hydrocarbon having a boiling point of at least about 35°C at
atmospheric pressure at a temperature from 250C to 4300C, a hydrogen partial
pressure from 50 psig to 3000 psig and a Liquid Hourly Space Velocity from 0.1
10 20 hr'.

21. A process according to claim 20 wherein the hydrocarbon has a
bonlmg point of 40°C to 700°C.

22, A process according to claim 20 and 21 wherein the hydrocarbon
has a boiling point from 85°C to 5000°C.

23. A process according to any one of claims 20 to 22 wherein the
hydrocarbon is jet fuel, kerosine, diesel fuel, gasoline, gas oil, residual gas oil or

hydrocarbon feed stream.

—
-

24. A method of preéulfurizing porous particles of a sulfidable
catalyst containin-g at least one metal or metal oxide, which comprises.:.

(a) contacting said catalyst with elemental sulfur at a
temperature such that at least a portion of said sulfur is incorporating in the
pores of said catalyst by sublimation and/or melting; and

(b) prior to, at the same time or subsequently contacting said
catalyst particles with at least one oxygen-containing hydrocarbon having at
least 12 carbon atoms.

25. A method of presulfurizing ‘porous particles of a sulfidable

catalyst containing at least one metal or metal oxide, which comprises;

) O R
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(a) contacting said catalyst with at least one sulfur compound
under conditions so as to incorporate at least a portion of said sulfur compound
in the pores of said catalys.t by impregnation; and

(b) prior to, concurrently or subsequently contacting said
catalyst particles with at least one oxygen-containing hydrocarbon having at

_ least 20 carbon atoms.

26. A method according to claim 24 or 25 wherein the hydrocarbon
is one defined in any one of c_laims 3 and 5 to 8.

27. A. method of presulfurizing porous barticles of a sulfidable
catalyst containing at least one metal or metal oxide, which comprises:

(a) contacting said catalyst with at least one sulfur compound
under condiﬁons SO0 as to incorporate at least a portion of said sulfur compqund
in the pores of said ﬁatalyst by impregnation; and

(b) prior to, concurrently or subsequently co_ntactiné said
catalyst particles with at least one glyceride fatty acid ester having at least 12
carbon atoms. -

28. A method according to any one of claims 24 to 27 wherein the
hydrocarbon is one defined in any. one of claims 2, 4 and 9 to 15.

28. A process for hydrotreating and/or hydrocrac'king a hydrocarbon
stream or tail gas treating sulfur-containing gas stream which comprises |
contacting the stream in the presence of hydrogen with a sulfided catalyst as
claimed in claim 14 or 15 or one prepared by a process as claimed in claim 19.

30. A process according to claim 29 wherein the stream is contacied

with the hydrocracking catalyst at a temperature from 1000C to 450¢C.

T e LM s %
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31. A method of i?ansportlng 8 spontaneously combustible catelyst
which comprises contacting the catalyst with at least one oxygen-containing
hydrocarbon having at least 12 carbon atoms, piacing the treated catalyst in a
container and then transporting the contalner.

32. A method according to claim 31 wherein at least 100 kg af'
catalyst Is placed in said container,

33. A method sccording to claim 32 whereln at least 250 kg of
catalyst is placed In said container.

34. A method of unioading a ¢atalyst from a reactor in oper_ation
which comprising stopping reactor operation, contacting said catalyst in the
reactor with at least one oxygen-containing hydrocarbon having at least 12
carbon atoms and then removing the oxygen-containing hydrocarbon treated
cetalyst from the reactor.

35. A method according to any of claims 29 t0 34 wherein the

hydrocarbon is as defined in any one of claims 2 to 8.

* c L n H *
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A METHOD OF TREATING A SPONTANEOUSLY COMBUSTIBLE CATALYST

Abstract of the Disclosure

Self-heating characteristics of a spontaneously combustible
Scatalyst are reduced by treating the catalyst with an oxygen-
containing hydrocarbon having at least 12 carbon atoms. The
~treatment is particularly suitable for reducing the self-heating
characteristics of sulfidable metal oxide(s)-containing catalysts, -
presulfurized catalysts, presulfided ' catalysts or reduced
catalysts. When applied to sulfur-containing catalysts, the
treatment gives a catalyst that has suppressed self-heating
properties without substantially compromising sulfur retention or
activity. Further hydrocracking catalysts treated by the oxygen-
containing hydrocarbons give improved product yield. Further, a
method of safely unloading a catalyst from a reactor is provided
where the catalyst in the reactor is treated with a liquid mixture
containing the oxygen-containing hydrocarbon to wet the catalyst.
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of sulfuraaﬂdhnbwnJrmﬂydﬁhkq:aﬁiaytcatalysts have heen prasulfurized by

incorporating sulfur compounds into a porous catalyst prior to
hydrotreating a hydrocarbon faadatock, using, for example,
organic palysulfides, or elemental sulfur in which case
hydrogen is used as a raducing agent to convert the slemental
gulfur to hydrogen sulfide in situ. U.S5.-A-4,943,547 discloses
subliming elemental sulfur into the pores of the catalyst then
heating the sulfur-catalyst mixture to a temperatura above the
melting point of sulfur in the prasence of hydrogen which
activates the catalysts. WO-A-93/02793 discloses a method
where elemental sulfur is incorporated in a porous catalyst and
at the’ same time or subsequently the.catalyst is treated with a
liquid oclefinic hydrocarbon.

Howaver, these ex-situ praesulfurized catalysts, which are
spontanecusly combustible and may be pyrophoric or self-
heating, these two groups differing in the degree of
spontanecus combustion, must be transported ts
plant operatar. Pyrophoric substances ignita,
quantities, within five minutes of coming iate
whereas salf-heating substances ignite in air
large quantities and aftar long periocds of time. Pyrcphoric
substances are typically classified as Division 4.2 Packing
Group I and self-heating substances ére classified in either

Packing Group II or Packing Group IIT according to the test

- procedures rdcommended in the Dangerous .Goods. Special Bulletin,

April 1987, published by TDG Ottawa, Transport Canada for Class
4, Division 4.2. Thess spontaneously caombustible substances
must be packaged in a United Nations designated 250 kg metal
drum or in a smaller package of 100 Kg plastic fibre drum or
evan smaller. _

It is clearly desirable to transport these presulfurized
catalysts in larger quantiﬁies such as in flow bins or sdper-
‘sacks but they must pass the test for spontaneously combustxbls
substances. o

EP—A-447,221 discloses a method of presulfiding a
hydrotreating or hydrocracking catalyst which minimises
stripping upon start-up of a hydrotreating or hydrocracking
reactor utilizing such a catalyst.

1 s Sheet Has Been Replaced
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Table 5 Sul fur Retention Carbon Sul f ur Fresh Basi s Per cent
Neodene 26. 7 - 3.0 4.3 73 Soybean

733. S 3.5 5.6 95 a) and b) as described in Table
2 as j) and g) respectively. As can be seen fromthe Table the percent

retention of sulfur is S|gn|f|cantly I nproved by using a glyceride fatty
acid ester. Example ||

4

Further, some of tha pricr art ex-situ methods of
presulfurizing supportad metal oxide catalysts have suffared
from excassiva stripping of sulfur upon start-up of a
hydrotreating reactor in tha presenca of a hydrocarbon
feedstock. As a rasult decrease in catalyst activity ar
stabllity is obsarved and thera can be fouling af downstream
aquipment.

Therefore, it is an cbject of the prasent invention to
treat spontanecusly combustibls catalysts in a2 manner ts
suppress their self-heating proparties.

The present invention provides a composition cowmprising a
presulfurized or sulfided catalysh'which has a tandency to
self~-heat or combust in the prasence of air or oxygen at a
temperature aof 200°C or lower and which catalyst is supgcrtéd
on a2 parcus support, at least a portiocn of which has bean -
coatad with a substance comprising at least one oxygsn-

containing nydrscarben having at lsast 1§ casben atems and
Raving an iodine value of a: least §3; this o
can ka achiaved by contacting the catalyst wlth ths cxygen-

ccntalining hydrccarben at a tenpe*a-u:a c2 at lasast 0°'C. Such
compesiticn has a reduced self-heating characteriscic when

campared te the spantanecusly combustible catalyst whickh has
not bheen coatad.

Further, the prasent invention alsc provides an lmproved
method of prasulfurizing a sulfidable metal or metal oxides(s)-
containing catalyst which suppresses self-heating
charactaeristics, whlch comprises: "

(a) contact;ng said catalyst with elemental sulfur, a
sulfur compound or a mixture theraof at a temperature such that
"at least a portidn of said- sulfur or-sulfur compound.is
incorporated in the pores of said catalyst by impregnation,
sublimation and/or malting, and

{b) prior to, at the same time or suhsaquently
“gohtacting said catalyst particles in the presence of an
oxygan-containing hydrocarkbon naving -at least: 16 carbon atoms
and- hav&ng én icdine value of at lzast 60.

—
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29 This Exanple denonstrates the enbodinent where the presulfided
sul furized catalyst is coated wth oxygen- containing hydrocarbon. A
scommercial sulfurized hydrotreating catalyst having the properties

| i sted bel ow was used. Table.6: Catal yst Properties N ckel

3.3 %t Ml ybdenum 13.0 %t Phosphorus
3.5 % :

-5-

The methad ia parﬁicularly sultable for application to
hydretreating and/or hydrocracking or tail gas treating
catalysts, for'hydrocracking hydrocarbon streams.

Furthermore, the prasent invention provides a method of

unloading a presulfurized or sulfided catalyst during a halt in
the operation of the reactor wherein the catalyst in the

reacter is contactad with a mixture comprising an oxygen-
containing hydrocarbon having at least 16 carbon atoms prior to
unloading.

It has been found that by treating a spontaneously
combustible catalyst by contacting with an oxygen-containing
hydrocarbon having at lesast 16 carbon atoms, the resulting
catalyst has suppressed self-heating characteristics, in
general, such that it is no longer classified as spontaneously
combustible. Thus, the process allows an otherwise
specntaneously combustible catalyst to be transported or shipped
in aﬁy sultable paékaginq such as fipw-pins, super-sacks, oT
sling-bins for exampls. |

Az used herein, a "spentaneously combustitle catalyst(s)™
is any hetarogeneous c¢r solid metal(s)-, metal cxide(s)-, metal
sulfide(s)~ or other metal compound(s)- containing catalyst,
which is on a support which can be classified as a
spontaneously combustible substanca accarding to the test
procedures racommended in the Dangerous Goods Spacial Bulletin,

- April-1987, published by TDG Ottawa, Transport Canada. for Class
4, Division 4.2 or has an onset of exotharm below 200°C as
measured by the self-heating ramp test dascribed below. The
terms "metal(s)-", "metal oxide(s)-" and "“maetal sulfide(s)-"
contalning datalysts -includd catalyst pracursors that can be-
used as catalysts after further trsatment or activation.
Further, the term "metal(s)" includes metal(s) in pqrtia;ly
oxidized form. The term "maetal oxide(s)" includes metal
‘oxide(s) in partially reduced form. Thae term Mmetal -

' sulfide(s)" includes matal sulfida(s) that are partially
sulflded as well as totally sulfided metals.

——
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sul fur 8 %Wt Support

ganma al um na Size 1/16 inch tril obes The oxygen-contacting
shydrocarbon listed in Table 7 was added to the sul furized catalyst in an
anount |isted. The hydrocarbon was added to the catal yst at anbi ent
tenperature and allowed to absorb into the pores. The treated catal yst may
take sonme tinme to absorb the substanc so that it is not tacky and flows

freely. The self heatlng ranp test S nmeasured in_a sinmlar manner to .
Exanpl e |, partl€ lypnderscqud thatgmbije the normal catalyst

Preparative techniques will produce metal oxide(s), it is
posaible to utilize special preparativa techniques to produca
the catalytic metals in a reduced form, such as the zaro valent
state. Sinca metals in the zarc valant state will be sulfided
as wall as the oxides whan subjected to sulfiding conditiaens,
catalysts containing such sulfidabla metals even in reduced or
Zero valent stataes will ba considered as "sulfidable maetal

oxide catalyst(s)". Also the procass of the instant invention

can be applied to regenaratad catalysts which may have ths
metal sulfide not complately convertad to the oxides.

Qthar components such as carbides, borides, nitrides,
oxyhalides, alkexides and alccholdtes can also be presant.

In one embodiment of the present invention, a
presulfurized or sulfidad catalyst which has a tandency t2
self-heat or combust in the prasanca of air or cxygen at a
tamperatura of 200°'C or lowaer and which catalyst is suppertad
ot a paorous suppart, is ccntacted with-at lsast cna-

——e—
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Oxygen- cont ai ni ng hydrocarbon Amunt(wt%  Onset of Exotherm ([err]C) 1:1

wt r-atio soybean:|linseed 8 280 1:3 wt ratio
soybean: | i nseed 10 ' 260 Exanple I11: A presulfurized
catal yst prepared in a simlar manner to Exanple | was used in a
hydrotreati ng process. 7 types of catalysts, (1 conparative) were used.

These were: 1) COW Catalyst - the commercial hydrotreating catal yst
listed in Table 1 which has been sulfided by an industry accepted

sulfldlng met hod usi ng hydrogen and hydrogen sul fide as described bel ow.
oxygen-cantaining hydrocarbon at a temperature of at laast

abgut Q°C, Brefarably at least 15°C teo 350°C, and mare
preferably 20°C toc 150°C. Upan contact, tha oxygan-cantaining
hydrocarbon i{s impregnatad into the catalyst so that tha
surface aof the catalyst is coated with the axygen-containing
hydrocarbon. For the purpese of definition, the surfaca of the
catalyst includes the axtarnal surfaca of the catalyst as well
as the internal pore surfacas of the catalyst. The word
"coating" does not rule cut some reaction as dafined balow.

The mechanism by which the oxygen-containing hydrocarban
suppresses the self-heating characteristics of tha spontane-
ously cambustible catalysts is not known and will be refarred
ta, for convenienca as *"reaction" or "raeacts". The suppressed
self-heating result can be readily determinad without undue
expe*imahtaticn by measuring the exothermic onset tanperatures
-for a specific rising temperature profile af catal 7$Ts sub-
jectad to diffaring temperature/time tresatz=ents wlith and with-
out the oxygen-containing hvdreccarson, as shown balew..

‘When sulfur-centaining ca“alysts are tresatad thair sulicr
retention cr activity is not subst antially comprozmised. The

' sulfided catalysts can be catalysts sulfidad Ly an im-situ
presulfiding methed or an ex-situ presulfiding or prasulfuri-
zing methed. Such catalysts can be frash or oxy-regenerated, for

- example, those disclosed in U.s.-3a-4,530,917; 4,??7,136;
4,089,930; 5,153,163; 5,139,983; 5,169,813; 4,530,917 or
4,943,547 or WO-A-93/02793, or raduced hydrcgenatzon catalvst
‘such as ‘disclosed in U.s. Patent No. 5,032,565.

The treatment can also be anplled priaor tc, at the same
time or subsequent to presulfurizing a presulfidable metal or
metal oxide gatalyst. Prefarably the catalyst Ls heated afterl
contactinq with elemental sulfur or a sulfur compound ‘at an
elevated temperature and time sufficient to £ix the sulfur onte
‘the catalyst. Such heating -process can be before or. after
treatment with the oxygen-containing hydrocarbon. .

. Generally, the . catalysts of the. present 1nventlcn also

have enhanced resistance to sulfur stripping during startup in
a - . - . ) ' .

—
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30 2) Cﬁta-yst : - a catal yst prepared as described in

[l lTustrati latedWi t h 100% stoichionmetric sul fur and using the
veget abl e IEH fbed in Table 2. 3) D) Catal yst - a catal yst
prepared -a Illustrative Enbodinment | with 100% stoi chionetric

sul fur and using the met hyl esters described in Table 2. 4) E) Catal yst
- a pat al yst prepared as descri bed 11
requirement results in catalysts having enhancad hydrode-
nitrification activity, which is an important property of
hydrotreating and first astags hydrocracking catalysts. Thus, tha
amount of presulfurizing sulfur used for incorporation ints the
catalyst w11l typically be from 0.2 to 1.5 times, and preferably
from about 0.4 to about 1.2 times the stoichiometric amount.

For hydrotreating/hydrocracking and tail gas treating
catalysts containing Group VIB and/or Group VIII metals the
amount of presulfurizing sulfur employed is typically 2% to 15%,
and most preferably, 6% to 12%, by welght of the catalyst
charged. It 1s preferred not to add so much sulfur or sulfur
compound to the 'ca{'.a.lyst that the pores arse completely filled
up. By leaving residual pore volume, the oxygen-containing
hydrocarbon can penetrate the pores and react thaerein.

The key step in the present invention is to contact the

catalyst with an oxygen-containing hydrocarbeon having at lsast
16 carken atoms and an isdine wvalue of at lsast &0 for =2

-aTE3. o

sufficient time SLC"..":‘.aE the hydrocarbon | :
impregnates (or reacts) with the catalyst and provides a

catalyst that is less spontanecusly combustible and, ‘for a

sulfurised catalyst, is more resistant to sulfur lesaching than

one not contacted with the hydrocarbon. Typically the contact

temperature is greater than about 0°C, desirably from 15°C to

350°C, preferably from 20°C to s2bout 150°C. The _gontact

temperature will vary depending on the wmelting point or

sublimation temperature of.tha hydrocarbon. For exampla," whern

* the oxygen-containing hydrocarbon is a solid or a semi-solid

such as lard, the temperature should preferably be at least as

high as the melting point for a time sufficient for the catalyst

"to flow 'fresly (appear '"dry" and not-stick or clump), i.e:.-.it -
is liquid or semi-fluid, to enable the hydrocarbon to coat

and/or impregnate the catalyst. Lard, for example, is preferably

contacted at a initial temperature of about 80°c. ‘rhe process

temperatura can be readily: determined by the meltinq pcmt of

the solid or. semi-solid at a given pressure envxronment or
visually by checking if the oxygen-containing hydrocarbon flows.

Contact times will depend on temperature and the viscosity of

the oxygen-containing hydrocarbon, higher
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in Illustrative Enbodi nent with 100% stoichionmetric sulfur and using the
vegetabl e oil described in Table 2 and Neodene 14/16/ 18 al pha-olefin
-described in Table 2 in a weight ratio The catal ysts were | oaded into the
reactor as follows: 48cc of catal yst (basis conpacted bul k density) was
divided;into 3 aliquots. The first aliquot contained 4 cc of catal yst and
was diluted with 10 to 14 nmesh alundumat a ratio of alundum to cat al yst
of 10:1. The remaining two aliquots contained 22 cc of catal yst each and
were diluted 1:1 with alundum These aRRquots were | oaded into the reactor

tube wth éggﬁégiéﬁf% (iéﬁafgﬁgg(tggorgkgt é?%ig and higher viscosity
requirinq longer times. In genaral timaes will ranga from 2
minutes tae 2 hours or mors.

Preferably the oxygen-containing hydrocarben is suffi-
ciently flowabla or suhlim&ble to give sufficient contact with
the catalyst. A hydrocarbon which 1s liquid at the alevated
temperature of contact is morae prafarred for ease of handling.
It is preferred that the hydrocarbon is a higher hydrocarben,
i.e., one having greater than twelve, preferably greatar than
sixtean, and more preferably grsater than twenty carbon atoms.
The upper carbon number is determined by the melting peint,
solidification peint, or smoke ﬁoint of the hydrocarben in
question. While solid fatty oxygen-containing hydrecarben having
carbon numbers greatar than 100 can ke used, they are inconvan-
‘ient since they must he heated ta such a high temperatuse in
order to be convertad into a liquid, although they can ke usad
with a solvent. Bydrccarbons with cazben numbars Irom 15 €0 190,
-prefarably fxom-135.£5-80 are £suad nest usalu

The term "oxygsan-contaliaing hyd*cca:non“ as usad hsrain
refers to hydrccarbon molaculss containing at least onms oxygen
atsm, which includes, for exampls, acids, acid esters, alcshels,
aldehydes, ketones and ethers. Mixtures may be used suca as acid
esters and alcohols, and different acid esters. It can be

primary, secondary or tertiary, straight or branched chain,
cyclic, acvclic or aromatic or unsaturatsd. Prsfsrably, ths

. yd* caraon moi ety i's an

unsaturated fatty acid ester. The term "unsaturated" as usad
‘herein refers te hydrocarbon molecules containing at lsast one
carban-carbon double bond or compc-und(s) containing some carban-
carbon double bond and will have an iodine valie of at least 60 -
measured by standard iocdine wmeasuring techniques such as
American 0il Chemist Society (A0CS) 0fficial Methaed ¢cd 1-25 or
IUPAC Mathod 2.205 describad in International Union of Pure and
Applxed Chemxstry, 7th ed.; Blackwell 5c1ent1f1c Pubizcatlcns
1987 or any other standard Lcdlne measurxng technxques The term

—

\_
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\\\
 Tests A blend of 50 wt % vacuumgas oil, 25 wt%ight cycle oil and
as F BgaRepdickq (VGO LCO was used as feedstock having the

%t Sul fur 1.93 ppm Ni trogen 1420
] 5377 (25[err]C) APT Gavity 17.8[err] 1)

CCNP Catalyst Acti v on The Catal yst was dried at 400[err]C for one hour
in air, cooled in a desiccator and Ioadqg into the reactor. It was '

sul fi ded
“saturated" as used haerein refers to oxygen-containing
hydrocarbon compounds containing no carban-carbon double baonds
or compound(s) containing minimal carbon~-carbon double bonds and
have a iodine wvalue of leas than 60 measured by AOCS 0fficial
Method Cd 1-25, IUPAC Method 2.205 or any other standard icdine
measuring techniques.

Preferrad hydrocarbens include those having at least 1s,
preferably 20 carbon atoms for example, higher alccohols such as
dodacancl, hexadecancl, farnesocl, hexestrol, olesyl alcchol,
cetyl alcohol, hexacosanol, triacontanol, cocceryl alcchol and
octacosanol; higher ethars such as dicetyl ether; higher
ketones such as palmitone, 10-hydroxypalmitone and 3-
octadacanone; higher aldehydas such as palmitaldehyde and
olsaldehyde: higher acids such as satﬁrated acids such as
lauric, myristic, palmitic, stearic, and docosancic acids or
unsaturated higher acids such as palmitoleic, oleic, lincleie,
linclenic, e’aostaavic, ricinoleic, elcasenoic, docesanoic,
eicosatetraenoic, elcosanentaenolc, decosapentaenoic, and
dccosahexaencic, nigher acids estars including meno-, diQ,'ﬁri-

and poly-fatty acid esters alkyl and aryl estars of the above
acids (e.g. benzyl sleata and but y’ 0laate) and esters ¢ the
atove acids with mono-glycerides, di-glycerides anc
triglycerides and mixtures thereof. Glyceride fatty acigd
esters having from 15 to 100, more preferably 18 to 90, most
prefarably 20 to 80 carbon atoms arse preferred.
' .Examples of commercial.glycerzde fatty, acid esters include |
soybean oil, linseed olil, safflower oil . corn 011, sunflower
0il, cottonseed oil, olive o0il, tung oil, caster oll, rapssead
cil, tall oil, peanut cil, canbra cil, perilila oil, marine Zat
or cil-such as fish .fat ..
or 0il (e.g. herring and sardine), vegetabla reszduee ana mix-
tures thereof. Some examples of commercial higher alcohols in-
cludes alkanol mixtures such as NEODOL alcchols.(Shell Chemical
.Company), including mixtures. of ¢, C, and C, alkanols (NEODOL:
91}, mixtures of C; and C;y alkangls (NEODOL 23), mxxtures of. Cpa,
Cu. €y and Cu alkanols (NEODOL 25), and mixtures of C, and C
alkancLa (NEODOL 45); the ALFOL Alcohols (Vista cChemical
Company), including
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ina flow of 60 N1/ hr of 95%ol hydrogen/5%ol hydrogen sul fide according
to the Eﬁde a. anbient to 218[err]C in one hour b. hold
\at 218[ c. heat from218[err]C to 329[err]C in one hour
. heat - 3C in one hour e. hold at 343[err]C for one hour f.
cool reactor and hold at 246[err]C .
15

canveniantly the waight percaent of the unsaturatad hydrocarbens
is 1008wt (undiluted form and aonly unsaturated axygen-cantaining
hydracarbon and/or olefins). For exampls, whan the catalyst is
treatad with olefins and oxygen-cantaining hydrocarbdns, the
unsaturation may ke pfcvided from ciafin and some

unsaturated axygen-containing hydrecarbon. Qf coursae,
unsaturatad oxygen-containing hydrocarbon alcnae without olafins
can alsec ba used. It is tc be understocad that the oXygen-
sontaining hydrocarbons may be provided as oxygen-containing
nydrocarbon precursers which are converted <o the oxgyen-
containing hydrocarbon before or -upon reaching the reaction
temperature such as, reacting 1owe£ molecular weight acids (a.g.
lowaer than C,, acids) with glycercl to form a higher triglyceride
acid astar.

The minizum amount of oxygean=-containing hydrocarben usad
should be such that the catalyst obtained <that is less
spontanesusly - cembustibla. Tha =maximum a.::ot.:'" cf oxygen-
containing hydrocarbon used is datarmined ‘wmrimarily by
economics. In a praferred embodiment the amount of suzstancs o
mixtures containing the oxygen-containing hydrocazben is used
that vill just 2411 the pore volume of tha inprag-\ated. catalyst
or just slightly less, down to about SO percent, prefarably down

. to about 70 percent of the pore volume. A general range-is £
$0 to 95, mora preferably from 70 to S0, percent. A pretezed
targat range, is from 80 to 95 percent although. gz'.atez: than 100%
hydrocarbon can be used. In this manner, the treated cata.lyst
will be "dry" (flow freely) and is more conyenient tc handle.

Tha presulfurized catalyst obtained by the abave
prasulfurization: process. may. ba.converted to sulfided catalysts
by contaét with hydrogen at’ tampsratures of at least about
200°C, preferably from 200°C ts 425°C, or 450°C for, say, 0.5
hours to up to 3 days. ' I T

In preferred operatiocn the presulfurized catalyst is.loaded -
into a hydrotreating and/or hydrocracking Teactor ‘ar tall gas'
reactor and hydrogen flow is started £o the reactor and the
reactor is heated up to operating (hydrotreating and/or
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2) Diesef—Activation This nethod was used to activate catal ysts using a
diesel rafé qh;g&nﬁamﬁaand trucks and was as follows: a. Unit was

-pressurl and hydrogen circul ati on was established at 1000
SCF/ BBL: ( esel feed was started to the catalyst bed at 1.5
LHSV and ature c. The reactor tenperature was raised to

121[err]Cin one hour then increased to 343[err]C at rate of
27.8[ err] C hour. Tenperatures were held { 343[err] C for 30 m nutes. d.
The reactor was then cool ed over 2 hours to 246C, : :

Table 2:  Exotharmic Onset Taemperatures

oxvgen-contai drocarho Qnset of Exotherm (°C)
Vagetable Rasidue Y ' 250
Distilled uathyl Estars ® 206
Linoclaic Acid * 244
Fatty a‘cohol 9 ' 212
Linseed 041 ? 273
Soybean 0il 9 . 237
‘ .
Diesel ? 156

Neodene® 14/16/18 158

b) A vegetable ¢il residue from Arista Industries, a mixture
of glycerides, polyglycerides, polyglycarcls, dimer acids,
hydrocarbon and alcochols comprising 79%wt C, fatty acids,

and 17%wt C~fatty acids and having an iodine value of $5-
110.

¢)  Distilled methyl esters from Arista Industries, Inc. having
100 %wt of composition of CAS Registry No. 68930-52~3.
4) 99% purity linoleic Acid frem Aldrich Chemical.
- e) Mixture of alcchols from Henkel Corporation 87-954%wt olayl

alfoho‘ .and .2-10%wt cetyl alcohol having 90~35. iodine
value.

£) Raw linseaed @il frem Anler 0il Company.
g) R3D scybean ¢il £rom Lou Ana Foods.

i) No.2 fual oil witn cetane value of 43 from Exxon Refining
and Marketing Company.

§) An olefin product manufactured by Shell Chemical Co.
93.5%wt. mnminimum alpha-moncolefin comprising 153wt. Cy

alpha-monoelefin, So%wt. ¢, alpha-monoolefin and 35%wt. C,
alpha-nonoolefin.

+ D £ Le i =)

Toluane was used as a extractive solvent for measuring the
ability of the catalysts to resist sulfur leaching. Generally,
the.'samples’ ware -.subjacted -to a -htot " .toluene: extraction - then .
washed with petroleum ether and dried for analysis. Sulfur
inalyses before and following the extraction are used to
calculate percent sulfur retention.- A thorough drying of the
sample is necessary . to prevent artlficxally high carbon and
‘sulfur readirgs during analysis
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3) - Acthis\ShdeYHal BSdnRAGIads@r activity testing the unit was pressured up to 700
psig an §?err]C with a hydrogen gas rate of 220 SCF/ bbl (13.2
-N1/hr).u eed was started to the unit at 1.5 LHSV (66 gnihr).
After t tted the 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 hourdreak-in period was begun. The

i 11 onal “wel b soRRH D aradEen (O s R R & SR, hat

period (37sdémbpurrs) Aldinacahdsasder was used. The cotton thimbla of tha
axtractor was filled with approximately 10 grams of catalyst to
pe analyzed and loaded into the Soxhlat extractor. The ‘boiling
flask was filled about 3/4 full (about 350ml) with toluane.
Teluena was brought to rapid bolling so a cycle of £illing and
emptying of thimble occurs approximataly every 7-9 minutes. The
catalyst sample was extracted for a ninimum of 4 hours to a
maximum of 18 hours. Extraction was stopped when axtra;t in
siphon tube was water clear. Catalyst was coolad and placed on
a filter in a Buchner funnel and washed with S0 mL of petrolsum
ather to displace toluane and then dried in a 100°C oven for 1
hour. Prolonged drying may compromisas results by loss of sulfur
from sample. An alternate drying method iz to purge the sampla
with nitrogen for 2 to 3 hours. The extractad catalysts wers
analyzed for carban and sulfur content (wt.% and) with a LEC
corporation CS-244 carbon-sulfur analyzer. The percant ol sulfur
retained after extraction is shown in Tablas 3 selcw. This
percent.d: retained sulfur is calculated as tha aacunt o2 sulfur
cn the catalyst after the extraction of Parxt D (Frash 3aslis
astar) dividad by tha sulfuxr in ths catalyst after the cxrgan=
cecntaining hydrocarbon trsatment of Part B (TFresh Basis kefore)
+imas 100%. Fresh basis was calculatad using the fsllowing
equation:

Fresh Basis Sulfur = Sulfur wt.% / (100-(qarhon_wt.%.f.Sulfu:
wt.%)) * 100%. ' : :

Table 3: Sulfur Leaching Results

. .'.- B | ] a a AL -} ca n . -
i un bof fu £ E actjon
Vegetabla Residue Y 85
. Distilled Methyl Esters ¢ - >95 -
‘Lincleic Acid ¢ . : 86
Fatty alcohal ¢ 66
Linseed 0il " . L 85
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for nitrogen and sulfur. Fromthese values rate constants were cal cul ated
for -the hydrodenitrification ("HDN') reaction and the hydrodesul furization
("HDS") reaction. These 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 32

26
Soybean Qil @ aa
comparative
Diasel ? 77
Necdane® 14/16/18 2 85
a)=1) as dascribed in Tabla 2.
B: a o) | a

A commercial hydrotreating catalyst having the properties
listed below was used to prepare the sulfurizaed catalysts:
Table 4: Catalyst Properties

Nickel . 2.24 swt
Molybdenun K 7.54 %Wt
Phosphorus . 3.5 swt
Support ) ganma alumina
Surfaca Araa, mz/g ' 309

Water Pore Vel., cc/g 1

Size 1/18 inch trilaobes

Sulfur was impregnated according to the methed of Part A
using 5.9wtt of sulfur and soybean oil and Neodane 14/16/18 were
izmpregnated according to the maethod of Part B. Carbon and sulfur
cantent of tha catalyst were analyzad using LECO corporation CS-
244 carbon-sulfur analyzer. Fresh Basis Sulfur was calculated
using the equaticn shown in Part D. Percent Stoichiematric
sulfur was calculated by dividing (the Fresh Basis Sultuz)'over o
(the amount of sulfur addaed) times 100 parcant.

Table S: Sulfur Ratention

carbon Sulfur Fresh Basis Percent

Sagple wt.$ XE.3 Sulfur w.3 3Sto etxic
Neodaneo? 258.7 3.0 . 4.3 73
Soyhean” 33.5 3.5 5.6 95

'a) and b) as described in Tabla 2 as j) and q) respactzvely.

As can be seen from the Table the parcent .raetention of
_sulfur is significantly improved by using a glyceride fatty acid
.egtar. '

. B

—_—
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(space velocity) *1n conc. of Nin feed conc. of Nin product For HDS the
.reaction is not first order and nany val ues are used, but 1.7 is the val ue
nost used and is used herein to calculate as follows: [err] The relative -
rate constants are provided in Table 8, nornalized agalnst t he val ues for
the third weight period for the COW Catal yst.

27

the reaction order is 1.0 and the k value is calculated by the equétion k =

This Example demonstratas the aembodiment whare tha
presulfided or sulfurizaed catalyst is coated with oxygen-
containing hydrecarban.

A commarcial sulfurizad hydrotreating catalyst having tha
propertias listad below was usad.

Tabla §: Catalyst ?rape;ties

Nickal 3.0 $wt
Molybdanum 13.0 twt
Phesphorus 3.5 swt

Sulfur 8 %wt

Suppozt . : gamma alumina
Size P 1/16 inch trilches

The oxygen-containing hydrocarben listed in Table 7 was added
to the sulfurized catalyst in an amount listad. The hydsocarban
was addad to tha catalyst at ambient temperature and alloved &g
absarb into the peres. The trsated catalyst nay taXka scozma time
¢o absorb the substances sc that it is not tacky and £flows
fraaly. The salf-heating ramp test was measurad i a similax
manner ta Exaaple I, care C:

-

Takle 7: Post-coating

oxvgan=~ aining Hvd> o Amguntrg:gﬁ 1sat

tha ?
1:1 wt ratic soybean:linsead 8 . ' 280
1:3 wt ratic soybean:linseed 10 250

am H .

A presulfurized catalyst prapared in a- similar manner to
Example I was used in a hydrotreating process. 7 tyﬁes af
catalysts, (1 comparative) were used. Thess wera:

1) CoMP Catalyst - the commercial hydrctreating catalyst
ligted in‘ Table 1 which has bden “sulfided by an industry

accepted sulfiding method using hydregen and hydrogen sulfide
as described below.

—_—
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Tabl e 87 Activity Tests Wi ght Period Catal yst Acti vation HDS Rel .K Val ue

HDN Relphishlpdiii® laced 1) Standard 1.00 1.00 A

- 2) Diesej 0.88.B 2) Diesel _ 1.04
0.94 C I" I"Hmlml H : 0. 87 0.87 D 2) Diesel
0.94 02 E J

2) Diesel 1.00 1.01
As can be seen the catalysts of this invention show a conparabl e
hydrodenitrification activity (w thout zS!I gni ficant

2) Bl.Catalvse - a catalyst preparad as described
in Illustrative Embodiment I with 100% stoichiometric sulfur

and using the vegetable residue descrired in Tabla 2.

3) D) C t - a catalyst preparad as described

in Illustrative Embodiment I with 100% stoichiometric sulfur
and using the methyl esters described in Takle 2.

4) = ] - a catalysc preparad as descriped
in Illustrative Embodiment I with 100% stgichicmetric sulZur
and using the vegetakle oil described 1 in Table 2 and Necdene
14/18/18 alpha-clefin described in Table 2 in a weight ratio

cf 1:1.

Tha catalysts were loaded intc the raactor as £ollows:
4Bcc of catalyst (basis compacted bulk ds nsity) was divided inta
3 aliquots. The first aliquot contained 4 cc c? catalyst and was
‘diluted with '10 to 14 mésh alundum at a ratic of alundum ©o
catalyst of 10:1. The ramaining two aliguots centainad 22 cc
of catalyst each and were dilutaed 1:1 with alundum. Thase
aliguots were lcaded ints the reactor tube yi‘ch tha dilute cns
on top (the inlet end). .
' Activity Tasts

A blend of 50 wtt vacuum gas oil, 25 wti light _cycle
cil and 25 wt% CC heavy gas oil (VGQ/LCO) was used as feedstock
" naving the following properties:

twt Sulfur 1.93
ppn Nitrogen 1420
Rafract:.ve Index ~1.8377 (25°C)
APL Grav:.ty 17.8¢
1) ca t A o

The Catalyst was dried at 4400 S¢ for one hour in air, coalad

. in.a- daaiccatar and . loaded intc tha reacter. It was sulfidad

in a flow of 60 N1/hr of 95tvol hydrogen/Stvel hydrogen sulfide
according to the following schadule:
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decrease in act|V| :hwék adefi @di tional hydrotreating catalyst Furt her,

catal ysts c rat ed hydrocarbons show advant age over catalyst
W th only sat rbons with regard to the hydrodenitrification
activity. Exa Ni-WU trastable Y zeolite based

hydr ocr acki ng catalyst (fron1Zeonst International Inc.), was

presul furized 22

Impregnation was sufficient to £1ill 80% of the para valuma
calculatad by:
(pora volume aof catalyst frem Part A) (80%) (adjustad valght af
catalyst) (density of oxygan-containing hydrocarben or compara-
tive compounds)=grams gof oxygen-cantaining hydrscarben or com-
parative compounds. The pore velume of the catalyst was datar-
mined with water (mL/g). "Adjustaed waight" is the amount af
sulﬁur/ca-alyst remaining ftar retains and pors volume
analysis.
Tha vagetabla residue being sclids
or semi-solids at room temperature, wers heated up to approxi-
mately 80°C bafore being applied ta tha catalyst. All cther hy-
drocarbons were slnply added ts the catalyst at room tampara-
ture. The catalyst was shakan with the hydrocarben until the
catalyst appeared dry and is free flowing. This tock approxinat-
ely 10 minutes per sample. Once the hydrocarbon was abscrbed the
catalyst tenperaturs was allowad ©s reaturn €9 room tampserature.
150 Grams of tha.catalyst wvara loaded inta a 1 liser fouz-
neck flasx ecu‘:ped with a tharmecouple thx ug one of the nacks
and piaced in a heating mantla. Ancthar neck ¢f thas flask was
wsSad to a another flask equipped with a condansexr waish was
tubed to a silicons ci il=2illad cantainer ts pravaent als back-
diffusion (cutlet). Nitreogen flow was astablished td the £flask
through another neck of the flask (inlef) a%t 273 cc/min. T;e
remaining neck was stoppered. Tha flask was attached %o a
vihratery table and vzbrated tcr tne duraticn of :ne neat_
treatment descrzhed belew. _ ' .
The reactor was heated to 260°c over ten to twenty minutes
and held thera typically for 30 minutes. After heat treatment
., was complete, the reactor .contents wers ccoled ta room tempera~‘
ture under nitraogen purge. The samplaes were analyzed for sulfur
content and the exothermic onset temperatures of the samples
ware tastad.
rt C: S ~He as ‘
Apnraxlmataly a 1l2. grem aliquot of’the test s&mple was
blaced in a 3.7 cm diameter, 4.6 cm height sample container, .
made of 250 mesh stainless steel net, covered with a 30 mesh
Stainless steel net, container cover which had a square bottom
net with the ThBistherephCemedtsheet

Date: 27 FeB 1999



according to the procedure outlined in Exanpl e —Sulfurwas incarporated
according to the-fetthod of Part A using 5.5 wt % of sulfur Soybean oil and

Neodene were i d on the catal yst accordi g awéf Part B.
Carbo | Gﬁ nt of the catal yst were an :
corpor on sul fur analyzer. Fresh

calculate& usi ng the equation shown in P rt D. Percent St0|ch|onetr|c
sul fur. was cal cul ated by dividing the Fresh Basis Sul fur percent by the

percent sul fur cal culated for conpl et rsion of the oxidic nickel and
tungsten to the corresponding Ni[err] and W5[ err] phases.
1. A composition comprising a presulfurized or

sulfided catalyst which is supported on a porous support,
at least a part of which catalyst has been coated and/or
impregnated with at least one oxygen-containing
hydrocarbon having at least 16 carbon atoms and having an
iocdine value of at least 60, thereby reducing the self-
heating characteristics of said catalyst. '

2. A composition according to claim 1 wherein the
oxygen~containing hydrocarbon is an acid, acid ester,
alcohol, ketone, aldehyde or ether. _

3. A composition according to claim 2 where n the
acid ester is a mono-, di-, tri-, or poly-fatty acid
ester.

4. A composition according to claim 3 whersin the
fatty acid sster is a glycer ride fatty acid sster having
from 16 to 100 carbon atoms.

5. A composition according to any one of claims 1
to 4 wherein the oxygen-centaining hydrocarkon has from
16 to 80 carbon atoms.

6. A composition according to claim 1 wherein the
fatty acid ester is derived from palmitoleic, oleic,
linoleic, linolenic, eleostearic, ricinoleic, eicosenoic,
docosenoic, eicosatetraencic, eicosapentaenoic,
decosapentaenoic or docosahexaenoic acid or a mixture
thereof; and/or soybean oll, linseed oil, safflower oil,
sunflower oil, corn oil, cottonseed oil, olive oil, tung
oil, caster oil, rapeseed oil, tall oil, peanut oil,
canbra oil, perilla oil, vegetable residue, marine oil or
a mixture therecof.

7. A compositlon according to any one of the
preceding claims wherein the catalyst comprises at least
one metal, metal sulfide or metal oxide of a metal of
Group VIB or Group VIII of the Periodic Table.

8. A composition accordlng to claim 7 wherein the
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Table 10: Sulfur Lon Carbon Sul fur Sﬁ§§ﬁéfkmx Pejcent

11 1 % Sul fur wt.% Sto Rgﬂnodene[err]

T

Table 2 %as °g) “As" can be seen from Tabl e %g, the percent retention of sulfur
y

S Elgnlflcantly | mpr oved by u3|ng a gl ride fatty acid ester such as
soybean- oi | . - Performance Tes
y catalyst 1s supported on alumina, silica, szllca~alum1na,

zeolite or a mixture thereof.

9. A composition according to any one of claims 1
to 8 wherein the catalyst is a reduced catalyst, a
hydrocracking catalyst or a hydrotreating catalyst.

10. A method of raducing the self-heating
characteristics of a presulfurized or sulfided catalyst
having a tendency to self-heat or combust in the presence
of air or oxygen at a temperature of 200°C or lower and
which catalyst is suppoﬁted on a porous support which
comprises contacting said catalyst with at least one
oxygen~containing hydrocarbon having at least 16 carbon

~atoms and having an iodine value of at least 60.

11. A method according to claim 10 wherein the
hydrocarbon is one defined in any one of claims 2 to 6
and/or the catalyst is one defined in any one of claims 7
to 3.

12. A method according to claim 10 cr 11 which
comprises presulfurizing poréus particles of a2 sulfidable
catalyst containing at least one metal or metal oxide by

(a) contacting said éatalyst with elemental sulfur
at a temperature such that at least a portion of said
sulfur is incorporated in the pores of said catalyst by
sublimation and/or melting; and

(b} prior to, at the same time as or subsequent to
step (a), contacting said catalyst particles with said at
least one oxygen-containing hydroéarbon.

13. A method according to claim 10 wherein at least
one oxygen-containing hydrocarbon has at least 20 carbon
atoms or is a glyceride fatty acld ester, which comprises
presulfurizing porous particles of a sulfidable catalyst
containing at least one metal or metal oxide by

(a) contacting said catalyst with at least one

'sdlfur compound under conditions so as to incorporate at
least a portion of said sulfur compound in'the pores of



ydrotreated cracked heavy gas "oil, and 25 vol't

stream was used as feedstock fiisSpetHs Ag la¢edst i ng
“lm m rocrackl ng catal ysts obtained fro nd t he
esf erence Catal yst). Sone of the feedst are

Ilsted I n Table 11. DMVMDS and n-anyl am ne were added to t eedstock to
generate the requisite levels of Herr]-33nd NH err], respectively.

said catalyst by impregnation; and

(b) prior to, at the same time as or subsequently
to step (a), contacting said catalyst particles with said
at least one oxygen-containing hydrocarbon.

14. A process for preparing a catalyst suitable for
hydrotreating and/or hydrocracking a hydrocarbon stresam
or talil gas treatlrg a sulfur-ccntaining gas strean,
which comprises heating a presulgurlzed compasition as
claimed in claim 1 to 200°C to S500°C in the presence of
hydrogen to product metal sulfide.

13. A process according to claim 14 wherein the
catalyst is activated by heating the treated
presulfurized catalyst in the presence of hydrogen and at
least one hydrocarbon having a boiling point of at least
about 35°C at atomospheric pressure at a temperature from
23°C to 430°C, a hydrogen partial oressurs from 50 psig
to 3000 psig and a Liquid Eourly g Velscity from Q.1
to 20 hrot,

is. A process according to claim 13 wherein the
hydrocarbon is jet fuel, kerosine, diesel fuel, gascl
gas oll, residual gas oil or hydrocarbon feed stream.

17. A process for hydrotreating and/or
hydrocracking a hydrocarbon stream or tail gas treating
sulfur-containing gas stream which comprises contacting
the stream in the presence of hydrogen with a sulfided
catalyst as claimed in claim 9 or one prepared by a
process as claimed in claim 14.

18, A process according to claim 17 wherein the
stream is contacted with the hydrocracking catalyst at a
temperature from 100°C to 450°C. |

19. A method of transporting a presulfurized or
sulfided catalyst which has a tendency to self-heat or
combust in the presence of air or oxygen at a temperature
of 200°C or lower and which catalyst is supported on a

porous support, which comprises the method of claim 10,
This is the replacamentsheet

Date: 27 Fes 1999
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placing the treated catalyst in a container and then
transporting the container.
20. A methed according to claim 19, wherein at
least 100 kg of catalyst is placed in said container.
21. A method of unloading a presulfurized ar
sulfided catalyst which has a tendency to self-heat or
combust in the prasence of air or oxygen at a temperature
of 200°C or lower and which catalyst is supported cn a
porous suppert, from a reactor in operation which
comprising stopping reactor opezation, the method of
claim 10 and then removing the déxygen-containing
hydrocarben treated catalvst from the reactor.
2Z2. A method according to any one of claims 17 to
21 wherein the hydrocarbon is as defined in any one of
" claims 2 to 7.

This is the replacement- sheet

Date: ¢ 7 FEB 1009
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A METHOD OF TREATING SPONTANEOUSLY COMBUSTIBLE CATALYSTS

This invention relates <to a method of treating
- spontaneously combustible catalysts and catalyst compositions
resulting from such treatment. In one aspect, the invention
relates to a process for preparing catalysts that produces .
catalyst compositions with reduced self-heating characteristics-.
In another aspect, the invention relates to hydrotreating and/or
hydrocracking processes.
A spontaneously combustible catalyst is any catalyst
_. compesition which has a tendency to self-heat or combust in the
presence of air or oxygen at a temperatufe of 200°C or lower.
Particularly, wmany hydrocarbon processing catalysts, such as
hydrotréating, hydrocracking and tail-gas treating catalysts
which typically contain sulfur and reduced catalysts such as
hydrogenation catalysts can be classified as spontaneously
combustible catalysts. Some of the hydrocarbon processing
catalysts can also be reduced catalysts. ~
A hydrotreating catalyst is used to catalyze - the
hydrogenation' of hydrocarbon feedstocks, and most particularly
to hydrogenate particular components of the feedstock, such as
sulfur-, nitrogen- and metals-containing organo—-compounds  and
unsaturates. A hydrocracking catalyst is used to crack large and
complex petroleun derived molecules to attain smaller molecules
with the concomitant addition of hydrogen to the molecules. Such
hydrocracking catalyst includes catalysts used for residue
conversion units. A tail gas catalyst is used to catalyze the
conversion of 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. A reduced catalyst is any catalyst that

contains a metal in the reduced state such as an olefin
hydrogenation
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catalyst. Such metals are typically reduced with a reducing
agent such as hydrogen or formic acid. The metals on these
reduced catalyst may be fuily reduced or partially reduced.
Hydrogenation catalysts are well known and several are
commercially available. Typically, the active phase of <the
catalyst is based on at least one metal of group VIII, VIB, IVB,
IIB or IB of the periodic table, typically Pt, Pd, Ru, Ir, Rh,
OSQ-Fe, Co, Ni, Cu, Mo, W, Ti Hg, Ag or Au, usually supported
on a support such as alumina, silieca, silica-alumina or carbon.
Such reduced catalysts can be spon—-taneously combustible.
Catalyst compositions for hydrotreating and/or
hydrocracking or tail gas treating are well known and several
are commercially available, in particular metal oxide catalysts
including cobalt-molybdenun, nickel—tungsten, and nickel-
molybdenum, usually supported on alumina, silica and/or silica-
alumina, including zeolites and carriers. Other transition metal
element catalysts may be employed for these purposes, including
those containing at least one of V, Cr, Mn, Re, Co, Ni, Cu, ‘Zn,
Mo, W, Rh, Ru, Os, Ir, Pd, Pt, Ag, Au, Cd4d, Sn, Sb, Bi and Te.

For maximum effectiveness the metal oxide catalysts are
converted at least in part to metal sulfides. The metal oxide
catalysts can be sulfided in the reactor by contact at elevated
temperatures with hydrogen sulfide or a sulfur-contaiming oil
or feed stock ("in-situ").

However, it is advantageous to the user to be supplied with
metal oxide catalysts having sulfur, as an element or in the
form of an organo-sulfur compound, incor-porated therein. These
presulfurized catalysts can be loaded into a reactor and brought
up to reaction conditions in the presence of hydrogen causing
the sulfur or sulfur compound to react with hydrogen and the
metal oxides thereby con-verting them into sulfides without any
additional process steps. These presulfurized catalysts provide
an economic advantage and  avoid mény of the hazards such as
flammability and toxicity, which the plant operator encounter
when using hydrogen sulfide, 1liquid sulfides, polysulfides
and/or mercaptans to sulfide the catalysts.
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Cat al yst Abtrvat|0ﬂ ﬂ?dﬁﬂﬂﬂﬁes 1) Zeolite Reference Catalyst Gas Phase:
_@mtlvatloq The fresh™Z- atal yst was dried at 482[err]C for one hour-
~air,, cool dianalﬁEpnggat _

“a flow of {95% vol hydroge / %% vol hydrogen sulfide at a GHSV of 1500

hrlerr], gccordrng-te f.ol | om ng gag phase schedule: a. anbient to
149[err]C hold 1 hour a. 149[err]C to 371[err]Cin six hours b. hold at
371[err]C for two hours c.—tTool reactor to 149[err]C and hold

Savaral mathods of presulfurizing metal oxlda catalysts
are known. Hydrotreating catalysts have been pragulfurized by
incorpeorating sulfur compounds ints a.porous catalyst pricr ta
hydrotrasating a hydrocarbon faadstock, using, for axample,
organic palysulfidas, or elamental sulfur in which case _
hydrogen is used as a reducing agent to convert the elemental
sulfur to hydraogen sulfide in situ. U.S.-A=4,94¢3,547 discloses
sublizing aelemental sulfur inte the pores cf the catalyst then
heating the sulfur-catalyst mixture to 2 temperaturs above the
melting point of sulfur in the presenca of hydrogen which
activatas tha catalysts. W0-a-93/02793 discleses a methad
where elemantal sulfur is incorporated in a porcsus catalyst and
at the’ sake time or subsequently the.catalyst is treated with a
liquid clefinic hydrocarbon.

However, these ex-situ prasul*urized catalysts, which are
spontaneocusly combustible and may be pyrophoric or seli-
heating, these twe groups differing in the degzee of
spontansous combustion, nust be bransported 2 the user or

p‘ant operatar. '?yronhc ic substancas ignita, aven ;n small
quantities, within five minutes of coming into centact wita air
whersas salf-heating substances ignite in air ecnly when in
large quantities and aftar long periods of time. Pyrcphoric
substances are typically classified as Division 4.2 Packing
Group I and self-heating substances are classified in either
Packing Group II or Packing Group III according to the test

- procedures recommended in the Dangerous.GoodsUSPacialfaullétin,
April 1987, published by TDG Ottawa, Transport Canada for Class
4, Division 4.2. Thesa spontanecusly combustible substances
must be packaged in a Unlted Nations designated 250 kg metal
drum or in a' smaller package of 100 kg plastic fibré drum or
evan smaller.

It is clearly desirable to transport these presulfurized
catalysts in larger quantiﬁies such as in flow bins or super-,
'sacks but they must pass the test for spontaneously comhustxhle
substances. '

EP-A-447,221 dlscloses a method of presulflding a
hydrotreating or hydrecracking catalyst which minimises

stripping upon start-up of a hydratreating or hydrocracking
reactaor utilizing such a catalyst.

r land | oaded into the reactor. It was sul fided in
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n flow Ib) Zeolite Reference Catalyst: Liquid
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ate the zeolite catalyst, after loading it dried,
“the re ctorowp%Fpmggght ‘0 1800 psig pure hydrogen, at a circulation rate”
of 893§ qcf hydrogen/bipl |feed.  The acti- vation feedstock enpl oyed
consi stje ‘mance testing fgedstock containing sufficient
di met hyl di sul fi de (DNDS) to produce 2.5 vol% Herr]S, and n-anylanine to
produce - n the gas phase,” respectively. The procedure for

the acti vation s as follows: a. reactor brought to operatin ressure and
hydr ogen m@ur@har, scme of tha prior art ax-situ atfods L e

presulfurizing supportad metal oxide catalysts have suffared
from excassive stripping of sulfur upen start-up of a

hydrotreating reactor ia tha prasenca ef a hydrocarban
-faedatock.

AS 2 rasult dacrease in catalyst activiey or _
stability is obsarved and thera can be fouling of dqwnstrsan
aquipment. .

Tharefgre, it is an cbjact af tha prasant invention te
treat spontaneausly combustlible catalysts in a manner €9
suppress thair self-haating propaertias.

The presant inventicn praovides a composition comprising a

presulfurized or sulfided catalyst which has a tendancy to
salf~heat or combust in

taemperature af 200°C or

the prasence af air or oxygen at a
lower and which catalyst is supportad
on a paIcus suppart, at least a pérticn o2 which has bean
coatad with a substance cemprising at least cne oxygen-
containing hydrscarien navznc az laas:z L5 cazben atems and
Laving an icdina va‘;e g% a> leasg 80; t=kis ' _
can ba achisved by ccontacting the catalyst wlth the cxygen-
centaining nyd‘cca*ncn at a tamperatura cf at laast 0°C. Such
compcsiticn has a raduced self-heating charactariscic when
cenparad to the s3 ontanecus;y combustinle catalyst which has
inot been coatad. '

~ Further, the prssent inventisn a1so provides an i{mproved
methed of prasulfurizing a sulfidable metal or metal oxldes(s)-
containing catalyst which suppresses salf-heating

cha*actarxsbzcs, which comprises:

(a) contacting said catalyst with elemental sulfur, a
sulfur comgcuﬁd ar a mixture therscf at a temperature such that
“at least & portidn of said sulfur or-sulfur compound.is
incorporated in the pores of said catalyst by impregnation,
sublimation and/or maltlng. and ;

(b) prior to, at the same’ the or subsaquantly

“contacting sald catalyst particles in the presence of an
GXirgan- ,o"ta;anq hyd=macarkbon naving 'at least 1§ carbon acoms

and having an Llcdins walua of at laasc 30.
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The method is particularly sultable for applicatien to
hydrotreating and/or hydrocracking or tail gas treating
catalysts, for hydrocracking hydrecarbon streams.

Furtharmcra, the prasent Llnvantion provides a methed of .

unloading a presulfurizad or sulflded catalyst during a halt in
the opaeration of the reactor wharsin the catalyst in the

reactor is contactad with a mixture comprising an axygen-
containing hydrocarboen having at least 16 carbon atoms prior ta
unloading.

It has been found that by treating a spontanecusly
combustible catalyst by contacting with an oxygen-centaining
hydrocarbon having at least 16 cafben atoms, the resulting
catalyst has suppressed self-hesating charactaristics, in
general, such that it is nc'longar-clasaified as spontanecusly
combustible. Thus, the process allows an othezwise
spenianeously combustible catalyst to ba transported or shipped
in any suitable packaging such as flow-bins, super-sacks, oz
sling-sins for example. .

As used herain, a "spentanecusly combustikle catalyst(s)"
is any he*aragenaocus cr solid wetal(s)=~, metal cxide(s)-, metal
sulfide(s)=~ or othar matal compound(s)- containing catalyst,
vhich is on a support which can be classified as a
spontaneously combustihle substanca accofding to the test
procedures recommendad in the Dangerous Goods Spacial Bulletin,

- April-1987, published by TDG Ottawa, Transport Canada. for Class
4, Division 4.2 or has an onset of exotherm below 200°C as
measured By the self-heating ramp test described below. The
tgrms:"metal(s)-", "metal oxlda(s)~" and "metal sulfide(s)-"
containing datalysts -includd catalyst ‘precurse?s that can bae.
used as catalysts after further trsatment or activation
Further, the term "metal(s)" includes metal(s) in partxally
oxidized form. The term "matal oxxde(s)" includes matal
‘oxide(s) in partxally reduced form. The term Mmetal -
sulflde(s)“ includes matal sulfide(s) that are partially
sulfided as well as totally sulfided metals.



t empeiat ur e BEINRISHE ]
Herr§ S and inUTahe'

t he reaEctg % ARy atu

nd I'SO utane off

80'm¢96conVersion'of feed. During steps c-f,

re continuously nonitored in the exit gas stream of
e was ranped as |ong as H2S renmai ned above 2000 .
centration remai ned below 0.4 vol % Qherwise, the
ntil these |levelg were realized. 2) Zeolitic
ivation with 5.0%vol Herr]S. The zeolitic

hydr from Exanple | V-was dried at 482[err]C for one hour
in air, cooled }% &8 doslarstand okt odnlds itheonsirmalegstalystt was

activat edptéparative tachniques will praduce metal oxida(s), it is
posaible ta utilize apacial praparative technliques ts produca
the catalytic metals Lin a reduced form, such as the zara valant
state. Since metals in tha zarc valant state will be sulfidaed
as wall as the oxidas whan subijaectad ta sulfliding ccndiclqné,'
catalysta containing such sulfidable metals even in reduced or
Zera valent statas will ba consldared as "sulfidahle matal
oxide catalyst(s)". Alsc the praocass of the instant inventien

Gas Phase Ac

can be applied te regenaratad catalysts which may hava the
metal sulfide not completely convertad to the oxides.

Qther components such as cazbidas, borides, nitrides,
aexyhalides, alkexidas and alcoholdtes can alsc be presant.

In gne embadiment of tha present inventicn, a
presulfurized or sulfidad catalyst which has a tandency :s
self-neat or combust in the prassanca of air or cxygen at a
tamperatura of 20Q'C or lowar and which catalyst is suggertad

-

AT

SR a porous suppers, is contactad wifh-at lsast cna-
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catalyst in case 1) of this Exanple. 2a) Zeolitic

Cat aljy
25 cc q
t'estijng

si nullat

at 14

pur e H[err]

err]C, begin sanpling the reactor off-gas for H2S

each 0.5 hr.

' sulfided catalysts can be catalysts sulfidad bv an in-sit:

SXygen-cantaining hydrocarben at a tanperature of at laagt
aBaut Q°C, preferably at least 15°C te 334°C, and mare
prefarably 20°C to 1S0°C. Upan ccntao“ -tne sxygan-cantaining
hydracarbon is impregnatad Lnte tha catalyst so that tha
surface of the catalyst is coated with tha oxygen—contain'nq
hydrecarkon. For the purpcse of definition, tha surfaca of the
catalyst includes the axtarnal surfaca of the catalyst as well
4s the internal pors surfaces of the catalyst. The word
"coating" does not rule cut some reacticn as dafined balow.
The mechanism by which the oxygen-centaining hydrecarhan
suppresses the self-heating characteristics of the spontane-

-ously caidbustible catalysts is not known and will ba referred

La, for convanlence as “reaction" or "reacts". The suppressed
self-heating result can be readily determinaed without undua
expe:imentetlon by maasuring the exsthermic cnsez tamperatures
foxr a spacific rising temperature profile cf catalysts sub-
dacted ta d*‘fe:ing temperature/time trsatments with and with-
cut the oxygen-containing hyvd-ccazban, as shown balcow.

‘When sul? er-centaining catalysts are traatad thair su

fi

reteation or activity is not su :ste..‘:.ia-.lv compromisaed. Th

-

-y Aoy -

[t

presulfiding method cor an ex-situ presulfiding or prasulfuri-
zing method. Such catalysts can be frash or oXy-rageneratad, for
example, thase disclosed in U.S.-A-¢,530,517; 4&,177,136;
4,089,930; 8§, 153 163; 5,139,983; §$,189,818; 4,530,917 or
4,943,547 or WO-A-93/02793, oxr reduced hydroqenetzon catalvst
‘such as 'disclosed in U.s. Patent No. 5,032,565,

The treatment can alsc be applied prior to, 2t the same
time or subsequent to presulfuriiinq a presu’fidable metal or
metal oxide catalyst. Prafaerably the catalyst ls heatad after
Contacting with elemental sulfur or a sulfur compound ‘at an:
e@levated temperatura and time sufficient to fix the sulfur onto
'the catalyst. Such heating ‘process can be before or. after
treatment with the otyqen—contalninq hydrocarbon .

. Generally, the catalysts of the. present inventlon also

have enhanced resistance to sulfur stripping during startug in
a ' ‘ :

Mcfivation with 0.5%vol Herr]S. After reactor Ioadlng
ydrocracki ng catal yst from Exanple.lV and pressure

he recycle gas: a. pressurize reactor to 450 p5|g
and eg¢tablish a GHSV of 320 hr[err]. b. ranp tenperature
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'95. 5%H[.[err]' m xture d. ranp tenperature to

c. &

205[ err . at 205[er_r] C, increase pressure to 1500 psig.
and est abl}i sdjl-laséﬁ-@ 8p0 hr[err]. f. ranp tenperature to 370[err]C at
14C hr, i ft H2S in- reactor of f - gas drops bel ow 2000 ppnv.
37 g. hql ~4 of 4 hours 8

hydrotreating and‘/or'hydrocracking reactor in the presence of
a hydrocarbon feedstock. The mechanism by which this occurs is
not known and will be referred to for convenience as "reaction"
or "reacts". A suitable method for determining sulfur stripping
resistance 1is described below wherein toluene is used as
stripping agent. . '

Further, for reasons unknown for elemental sulfur-
incorporated catalysts, the percent retention of sulfur is
generally improved by the treatment, particularly for some high-
pore volume catalysts.

There are three general methods for carrying out the
presulfurising process.

In the first method porous catalyst particles are contac-
ted wlth elemental sulfur or sulfur compounds or nixtures
thereof so as to cause the sulfur or sulfur compounds to be
incorporated into the pores of the catalyst by impregnation, by
sublimation, by melting or by a combination thereof to produce
"sulfur-incorporated catalysts." |

The sulfur-incorporated catalyst particles are contacted
with the oxygen~containing hydrocarbon at temperatures and times
sufficient to cause the catalyst particles to exhibit suppressed
self-heating properties.

When using elemental sulfur, the catalyst is contacted at
a temperature such that the elemental sulfur is substantially
incorporated in the pores of the catalyst by sublimation and/or
melting. While the catalyst particles can be contacted’ with
sulfur in the molten state, it is preferred to first admix the
cafalyst particles with powdered elemental sulfur and then heat
the mixture to above the temperéture at which sublimation of the
sulfur occurs.

Generally the catalyst particles are heated in the presence
of the powdered elemental sulfur at a temperature greater than
about 80°C. Typically the catalyst and powdered sulfur are
placed in a vibratory or rotary mixer-and heated to the desired
temperature for sufficient time, typically 0.1 to 10 hours or
more, to allow for the incorporation.
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h. *cool ' N [E itch to pure Herr] and set pressure and fl ow
rates fof B =tmastfi ng 2b) Zeolitic Catalyst: Liquid Feed Activation
The sane| ngt rq)ﬂ gp@?g flerence catal yst liquid activation was used to
acti vat.e ol § t t] from Exanple 1 V. The sane activity testing feed

‘was used{with sufficient! dj methyl disulfjde (DVDS) and n-anyl ami ne added to
produce P000 ppm Herr]S and 150 ppm NH err] in the gas phase,

respecti . dto the feed in order to sinmulate a m ni num

| evel of H2S t Rmefevabdybsheoswlfngd impregpation step is carried out at

90°C to 130°C or higher, up to the boiling point of sulfur
(about 445°C). The lower temperature 1limit is fixed by the
sublimation/melting characteristics of suifur under the specific
conditions 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. _

The sulfur-incorporated catalyst is then treated with the
oxygen—containing hydrocarbon, as discussed below.

The sulfur-incorporated catalyst may be further heated
before and/or after the oxygen~containing hydrocarbon treatment
at a temperature greater than about 150°C, preferably from 175°C
to 350°C and more preferably from 200°C to 325°C, to fix the
incorporated-sulfur onto the catalyst.

Preferred sulfur compounds include, for example, ammonium
sulfide, organic mono-, di- and poly-sulfides, dialkyl sulf-
oxides and compounds derived from these upon heating or reduc-~
tion in the presence of the sulfidable metal oxide and mixtures
thereof. Examples of organic sulfides include poly-sulfides of
general formula R-S(n)-R' or HO-R-S(n)=-R-OH wherein n is an
integer from 3 to 20 and R and R' are independently organic
radicals of 1 to 50 carbon atoms such as ditert dodecyl
polysulfide and diethanol disulfide; mercaptoalcohols such as
2-mercaptoethancl;. alkylmercaptans such as n-butyl mexcaptan;
thioglycols such as dithiopropyleneglycol; dialkyl or diaryl
sulfides such as di-n-butyl sulfides and diphenyl sulfides;

dialkylsulfoxides such as dimethyl sulfoxide; and mixtures
thereof.

Before use, the sulfur compounds are typically impregnated
with an aqueous' or organic solution such as a hydrocarbon or
non-hydrocarbon equivalent to light gasoline, hexane or gasoline
of white spirit type, for example as described in U.S.-A-
5,153,163; 5,139,983; 5,169,819; and 4,530,917. The resulting
catalysts are typically reduced by hydrogen, or other organic
reducing agent such as formic acid, methyl formate, ethyl
formate, acetaldehyde or methyl alcchol. The sulfur compound-
incorporated catalyst can be treated with the oxygen-containing
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hydrocarbon before and/or after the reductlon step under

conditions described above for the elemental sulfur-incorporated
catalyst. _ )

In the second method, a porous sulfidable metal oxide-
containing catalyst is contacted with a mixture of powdered
elemental sulfur and/or a sulfur compound and the oxygeri-_
containing hydrocarbon, preferably while heating the resultant
mixture to a temperature above about 80°C. .

In this embodiment, the catalyst particles are contacted
with the elemental sulfur, preferably powdered, and/or at least
one sulfur compound and the oxygen-containing hydro-carbon
simultaneously. Other hydrocarbons such as olefins can be
opti'onali'y added simultaneously. A mnixture of powdered ele-
mental sulfur and/or sulfur compound and oxygen-containing hy-
drocarbon is first produced. When élemental sulfur is used, the .
ratio of hydrocarbon to sulfur by weight is typically from 1:2
to 30:1, preferably from 1:1 to 6:1. The mixture may be heated
to promote homogeneity, particularly if the hydrocarbon is not
iiquid at ambient conditions or the mixture may be a suspension.
Toluene or other light weight hydrocarbon solvents may be added
to decrease the viscosity of the mixture. Increased heat will
achieve the same effect. When a sulfur compound is used as the
source of sulfur, the ratio of hydrocarbon te sulfur cempound
by weight is typically from 1:2 to 30:1. The mixture_js then
added to a preweighed catalyst sample and mixed. When a mixture
of elemental sulfur and sulfur compound is used as the soﬁrce
of sulfur, a ratio of hydrocarbon'to total sulfur and by weight
from 1:2 to 30:1 is suitable.

When, elemental sulfur is at least partially used, the
mixture is then heated to incorporate sulfur at a temperature
of above about 80°C. The times and temperature can be the same
as in for the first embodiment. When sulfur compounds are used
the catalyst can be reduced as above for the first embodiment.

In the third method, a porous sulfidable metal oxide=-
containing catalyst is first contacted with the oxygen-
containing hydrocarbon before the presulfurization step. The
resultant mixture can be optionally heated to a temperature
above about roon '
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temperature (i.e. about 25°C) for a solid or semi-solid E
hydifocarbon to allow it to impregnate the catalyst. The catalyst
and/or oxygen-éontaining hydrocarbon is preferably heated to at
least a temperature where the hydrécarbon becomes liquid or
semi-fluid. The hydrocarbon treated catalyst is then
presulfurized by contacting with elemental sulfur and/or sulfur
compound as described for the first method. Optionally, the
hydrocarbon-treated presulfurized catalyst can be heated during
the sulfurization step or after impregnation of sulfur compounds
regardless of prior heat~treatment. The catalyst should
preferably be heated at some point after contacting with the
sulfur at. a temperature above about 150°C so as to fix the
sulfur on the catalyst.

The catalyst is preferably treated with the oxygen-
containing hydrocarbon after sulfur and/or sulfur compound
incorporation for superior suppression of self-heating
characteristics. If the sulfur and/or sulfur compound and the
hydrocarbon are contacted with the metal or metal oxide(s)
catalyst simultaneously, it is preferable that the catalyst is.
contacted in such a manner which allows the sulfur and/or sulfur
compounds to be incorporated or impregnated into the pores of
the catalyst p}:ior to the catalyst reacting or being coated with
the hydrocarbon at a temperature of above 80°C.

In any of the above methods the amounts of sulfur oF sulfur
compounds used will depend upon the amounts of catalytic metal
present in the catalyst. Typically the amount used is determined
on the basis of the stoichiometric amount of sulfur or sulfur
compounds required to convert all of the metal on the catalyst
to the sulfide form.  For example a catalyst containing
molybdenum would require two moles of sulfur or mono-sulfur
compounds to convert each mole of molybdenum to molybdenum
disulfide. On regenerated catalysts, existing sulfur levels may
be factored into the calculations for the amounts of elemental
sulfur required.

It has been found that ‘the add:.t:.on of presulfurizing
sulfur in amounts down to about 50 percent of the stoichiometric

upt) (W% 338+ [e”]Cin Feed) In this conversion
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requirement resultas in catalysts having enhanced hydrodae-
nitrification activity, which is an important property of
 hydrotrsating and :ifst ataga hydrocraéking catalysts. Thus, ths
amount of presulfurizing sulfur used for incorporaticn ints thas
: catalyst will typically be from 0.2 to 1.5 times, and preferably
%E ' ' from about 0.4 to abaut 1.2 times the staichiometric amount.
L For hydrotreating/hydrecracking and tail gas treating
catalysts containing Group VIB and/or Group VIII metals the
amount of presulfurizing sulfur employed is typically 2% to 15%,
and mest praferably, &% to 12%, by weight of the catalyst
charged. It is preferred not to add so much sulfur or sulfur
compound” to the catalyst that the pores are completely filled
up. By leaving residual pore volume, the oxygen-containing
hydrccarhon can penetrate the pores and react tharein.
The key step in the present invention is to contact the

catalyst with an oxygan-coneainan hydrocarben having at least
16 carken atoms and an ieodins walue of at lsast &0 Ior 2
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sufficisnt time su:n that the hydsscarsben | o )
impregnatas (cr reacts) with the catalyst and providas a

catalyst that is less spontanscusly combustible and, -for a
.sulfurised catalyst, is more resistant to sulfuzr lsaching than
one not contactad with the hydrocarbon. Typically the contact
temperature is greatsr than abeut 0°C, desirably from 15°C to
350°C, preferably from 20°C to about 150°C. The _gontact
tamperature will wary depending on ths melting peint or
suhlimation temperature of.tha hydrocarbon. For exampla) whern

" the oxygen~containing hydrocarbon is a solid or a semi-solid
such as lard, the temperature should preferably be at least as
high as the melting point for a time sufficient for the catalyst
'to flow freely (appear "dry" and not-stick or clump), i.e.-.it -~
is liquid or semi-fluid, to enable the hydrocarbon to coat
and/or impregnate the catalyst. Lard, for example, is preferahly
contacted at a initial temperature of about 80°C. The process
temperatura can be readily determined by the melting pclnt of
the solid or. semi-solid at a given’ pressure environmant or |
visually by chacking if the oxygen-containing hydrocarbon flows.
Contact times will depend on temperature and the viscasity of
the oxygen-containing hydrocarban, higher
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temperatures raquiring sharter times ~and higher viscesity
raquiring longer times. In ganaral ‘timas will ranga from 2
minutas te 2 hours or mors.

Prefarably tha oxygen-cantaining hydrocarban is sussi-
ciently flowabls or sublimable ta give aufficient cqnta.é.t with
the catalyst. A hydrocarbon which i3 liquid at the alavatad
temperature of cantact is mora prafarred for easa of handling.
It is preferred that the hydracarbon is a higher hydracarben,
i.e., cne having gresatar than twselve, prefa:aﬁly grasatar than
sixteen, and more Preferably grsater than twanty carbon atoms.
The upper carbon number is datemined by the melting peixt,
salidizicaticon peint, or smoka poin cf the hydrccarben in
question. While solid fatty exygen-centaining hydrocarken having
carben numbers greater than 100 can ke use&, thay are inceonven-
ient since they must be heated to such a high tamperatuze in
order o be convertad into a liquid, although they can be usad
with a solvent. Eydrccartons with carben pumbers Ixcm 135 €3 190,
-prefarably frcem-15.%c.80 are faound mess usaful,

-y ¢

(1]
-~

The tara "oxygan-containing hydrocasbon® as usad hkarain
refars tg hydzrccarbon molaculss containing at lsast cens oxygen
atsz, which includas, for aexampls, acids, acid estars, alcshols,
aldahydes, ketanes and ethers. Mixtures may bs usad such as acid
esters and alcchols, and different acid esters. It can ke

pPrimary, secondary or tertiary, straight or branched chain,
cyclic, acyclic cr aromatic or umsaturated. Prsfszably, Ths

hydrccazsen moiaty is an _

unsaturated fatty acid ester. The term "unsaturated" as usad
herain refers tao hydracarben molecules containing at laast ons
carban-carbon double bond or compound(s) containing some carbon-
carbon dauble bend and will have an’iodine valile of at least 60 -7
measurad by standard icdine measuring techniques such as
Amaerican Oil Chemist Society (A0CS) Official Mathod cd 1-25 or
LUPAC Method 2.205 described in International Union of Pure and
Apnl;ed Chemxstry, 7th ed ) Blackwell Sc;ent;fxc Publxcatlcns
1987 or any other standard LodLne measuran technxques The term
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Qﬁﬁﬁﬁmat§ allomﬁng the catal yst reference nunber denotes gas\.
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_ S ivpt{on with 0.5%Herr]S/99.5%Herr], and "b"~ _
denot es qudﬁaﬁﬁﬁgﬁﬁbac i yation.- (b) Values reported are for 700 hours on

feed. (¢)
Table 13,
signifi

. diare for 1400 jjours on feed. As can be seen from
the Zeolitic caf al ysts of thls I nvention (2,2a,2b) show a:
eert=HN |iquid yield relative to the reference catal ysts

(1 and 1b),, Thlspﬁggrovenent occurs regardl ess of whether the reference

catal yst wa8358F

4P | iR PReReiDr FR&eThask® pEXYERR-contaliaing

hydrocarbon compounds containinq no carhan—carbon double bands
or compound(s) containing minimal carbon-carbon double bonds and
hava a icdine wvalua of lass than 60 measured by AOCS Qfficial
Mathoed Cd 1-25, IUPAC Method 2.205 or any other standard iodine
measuring techniques. ' '

Prefarred hydrocarbens include those having at least 1ls,
prefarably 20 carbon atams for example,higher alcchals such as
dodecanol, hexadecancl, farnescl, hexestrol, claeyl alcohol,
caetyl alcchcl, hexacosanol, triacentanol, cocceryl alcschol and
octacocsancl; higher ethers such as dicetyl ether; higher
katones guch as palmitone, 10-hydroxypalmitone and 3-
octadacanona; higher aldehydes such as palmitaldehyde and
alealdehyde: higher acids such as ;atura.ed acids such as
lauric, myristic, palmitic, staaric, and docasancic acids ar

unsaturated higher acids such as palmitoleic, ecleic, linoleic,
‘linglenic, eleostearic, ricinolelc, eicaosencic, docesancic,
. eiccsa:etraenqzc, sicosapentaencic, decosapentaencic, and

dccosanexaancic; higher acids estars including mecno-, di-, tri-

~and pely-2atty acid esters alkyl and aryl estars of the abave

acids (e.g. benzyl oleata and butyl olesate) and esters cf the
akove acids with mono-glycerides, di-glycarides and
triglycerides and mixtures therecf. Glyceride fatiy acid
esters having from 1§ to 100, more preferably 18 to 90, most
prefe-ably 20 to 80 carbon atoms are prefarred.

.Examples of commarcial.glycer;de fatey, acid esters anlude
soybean oil, linsaed oll, ‘safflower ‘oil, . COrn 011, sunfloweri'
0il, cocttonseed oil, olive o0il, tung oil, caster ‘oil, rapesead
cil, Tall oil, peanut cil, canbra cil, perilla oil, marine Zat
¢z cil-such 'as fish .fat | ; ..
or oil (e.g. herring and sardine), vegetable residues ana mix-
tures thereaof. Some examples of commercial higher alcchols in-

cludes alkanol mixtures such as NEQDOL alccohols.(Shell cChemical

.Campany), including mixtures. of ¢, C, and C, alkanols (NEODOL

91), mixtures of C, and C,; alkanals (NEODOL 23), mixtures of.C,,
Cy, €. and C; alkanols (NEODOL 25), and mixtures of C, and Cj
alkancls (NEODOL 45); the ALFOL Alcohols (Vista chemical
Company), including
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mor e appropLi-s —caaparison of the two |iquid phase activations
reveals (REFACRMIRT SHFENY age for the invention catalyst. In this case,
t he cat aljiys an advantage in activity, with a 3[err]C | ower
- tenperat ure it 180 Wt % conversion. Table 14. Yield stability
data on gel def erence anqslnventlon catalysts

mixtures of C, and C;; alkanols (ALFOL 1012), mix=ures of C;; and
C,. alkanols (ALFOL 1214), mixtures of C, and C, alkanols (ALFOL
1618) and mixtures of Cy, Cj, and cmzalkanols (ATFOL 1620); the
EPAL Alcohols (Ethyl Chemical Company), including mixtures of
C,o and C;; alkanols (EPAL 1012), mixtures of C2 and ¢, alkandls
(EPAL 1214) and mixtures of C,, Cj, and C; alkanois (EPAL 1418); -
and the TERGITOL-L Alcochols (from Union Carbide corporation), .
including mixtures of C;;, Cp, € and C; alkancls (TERGITOL-L
125). Suitable commercially available alkanols prepared by the
reduction of naturally occurring fatty acid este:g include, for
example, the CO and TA products of Procter and Gamble Company
and the TA alcochols of Ashland 0il Company. Higher coligomers
and polymers of polyocls such as alkylene glycecls are also
suitable as higher ‘alcohols.

Optionally, the oxygen-containing hydrocarbon treated
catalyst can be further treated with or simultaneocusly treated
with, or treated prior to the hydrocarbon treatment with olefins
to enhance catalytic activity in hydrocracking, hyérotreating
or tail gas treating. The term “olefin" as used herein refers
to hydrocarbons containing at least one carbon-carbon double
bond. The olefins may be monoolefins or polyolefins, cyclic or
acyélic, linear or branched. Suitable monoolefins include
decene,undecene,dbdecene,tridecene,teﬁradecene,pentadeéene,
hexadecene, heptadecene, octadecene, ncnadecene and eigpsene,

1}
L
gé

e Tt

whether branched, linear or cyclic, alpha or internal olefin.
Similar materials in the form of di-, tri- and polyolefins may
be used. Polycyclic olefins and polyolefins may also be used.
Dicyclopentadiene is found useful. The oxygen-containing
hydrocarbons may also be mixed with other hydrocarbons, such as
alkanes or aromatic solvents.

In general, for superior activity of the catalyst upon
start-up in the plant, the weight percent of the unsa=urated
compounds of any hydrocarbon used in the process (including
unsaturated oxygen-containing hydrocarbon and olefir) should be
above about 5%wt., preferably above about 10%wt., and most
preferably above about 30%wt. Generally, a higher weight percent

of unsaturation compounds is used, say above about sg§wt; most
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1000 . 1000 1600 Catal yst. 1 13.8

16.6 . 36.4" -34.5 1b - - 15.4 . 19.5 -
37.3 11.r - 142 - -~ o 41.4 - 39.0
- 2a 16.8 - 16 .40.6 37.8 35.5 2b '
10.1 43.0 - 41.0 . 40.7 Table 14 illustrates
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the addi troma—te =o=yi el d stability associated with the process of
“liquid phase activation of the catal ysts pregared according to Exanple I V.
Both t he §agvsnxant Y tha waight percaent of tha unsaturated hydracarbans

is 1003wt (undiluted form and only unsaturatad oxygen-centaining
hydracarbon and/ar clafins). Feor nxanble} whan tha catalyst is

treatad with olafins and axygen-containing hydrocarbdns, the
unsaturasion may ke ;EQVided from c.afin and scma

unsaturatad sxXygen-cantaining hydracarban. Qf csursae,
unsaturatad oxygen-containing hydrocarben alona without clafins
can alsc be usad. It is tc be understcad that the oxXygen-
containing hydrocarbons may be provided as oxygen-containing
hydrccarbon precursers wiich aze converted to the oxgyen-
containing hydrocarbon before or upon reaching the reaction
temperature such as, resacting lawei: wolecular weight acids (a.g.
lower than C;; acids) with glycercl to form a higher triglyceride
acid estazx. -

The minimum ameunt af oxygaan~-containing hydrscarben usad
should be such that the catalyst obtained that is less
spontanecusly - cembustible. The =maximum -amount cf oxygen-
cantaining .hydroca:bcn used  is data:aiﬁéd 'é:izaiily Ey'
econemics. In a prafaerred embodiment the amount of sutstanca or
mixtures containing the oxvgen-containing hydrocarben is used
thas g%ll just 2411 the pore volume of the impragnated casalys:t
or just;slightly less, down to about SO pe:cént, prafarably down
Lo about 70 percent of the pore velume. A general range-is from
50 to 95, morae praferably from 70 tc S0, parcent. A prafarred
Target range is from 80 to $S percent although greater than '100% -
hydrocarbon can be used. In this manner, the treated éaéaiyst
will be "dry" (flow freely) and is more convenient ts handle.

: Thae presulfurized catalyst obtained by <the abava
prasulgur;za:icn:prpcass.qay.bg.converted 0 sulfidad catalysts
by contact with hydrogen at'tanperaturas,of'at least about
200°Cc, preferably from 200°C to 425°C, or 450°C fgar, say, 0.5
hours to up to 3 days. ' o o

In preferred operation the presulfurized catalyst ig.loadad -
into a nydrotreating and/or hydrabraéfinq Teactor ‘ar tail gas’
reactor and hydrogen flow is started to the reactor and the
reactor is heated up to operating (hydrotreating ang;or
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phase aqRE é§ catal'yst (1) and the liquid phase activated

L nvent i qk st=¢2bF hjive an initial Cl-C4 yield decline rate of 5.6
wt %4 100Q H iﬁ’? njthe case of (2b), the yield decline rate between
1000 ang 1 23%%n fee¢d has dropped to 0.8 wt % 1000 hrs, while that of
(1) is 4.4 00._ . The case is evep nore dramati c when exanm ning the
. napht ha jrange (82- 1900) I!i quid yields. . The 1000-1600 hours yield decline
rate fort{H—ts-3=2 00 hrs, while that of (2b) is only 0.5 wt % 1000
hrs. '

hydrocracking or tail gas treating) conditions to cause
activation of the catalyst 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 and/or hydrocracking process, a
hydrocarbon feedstock flow may be started simultaneously with
the 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-regeneraticn process, an
oxy-regenerated catalyst may be presulfurized as would fresh
catalyst «in the manner set forth above.

The instant invention also provides a method for
stabilizing (less spontaneouly combustible or reducing the self-
heating characteristics) a supported metal catalyst containing
elemental sulfur, particularly a Group VIB and/or Group VIII
m.etal catalyst, by contacting the catalyst with an .oxygen-
containing hydrocarbon at a temperature and time sufficient to
impregnate and/or to react with the catalyst.

In applying the oxygen-containing hydrocarbon to the
catalyst, the oxygen-containing hydrocarbon can be added in
batches and mixed or added continuously by spraying the catalyst
with the oxygen-containing hydrocarbon. '

The inventive process is particularly suitahle for
application to hydrotreating and/or hydrocracking or tail gas
treating catalysts. These catalysts typically comprise Group VIB
and/or Grdup VIII metals supported on porous supports such as
alumina, silica, silica-alumina or zeolite; they can be prepared
by techniques described in e.g. U.S.-2A-4,530,911, 4,520,128 and
4,584,287. Preferred hydrotreating and/or hydrocracking or tail
gas treating catalysts contain a group VIB metal selected from
molybdenum, tungsten and mixtures thereof and a Group VIII metal
selected from nickel, cobalt and mixtures thereof, 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 ' |
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or self-heating catalyst is unloaded froma
react or

'sel f - heat
hydr ot I e dtmg-reactory=

if e .ealne h oxygen- cogg ai ni ng hydrocarbon. A highly
i ng, spent, hydrofjireating catal yst |.isted below (obtained froma
' ) itreated with

and zeolite-supported nickel-molybdenum and nickel-tungsten
catalysts. Phosphorus is sometimes added as a promoter. A
versatile tail gas treating 'catalyst.whi'ch shows good activity
under various réactor conditions is an alumina-supported cobalt-
molybdenum catalyst.

Hydrotreating catalysts which are specifically designed for
hydrodenitrification operations, such as alumina-supported
nickel-molybdenum catalysts, presulfurized or presulfided as
described have equal activities, particularly hydrodeni-

. trification activities, compared with catalysts without the
oxygen-containing hydrocarbon treatment. Hydrocracking catalysts
such as ﬁickel-molybdenum or nickel-tungsten on a zeolite or
silica-alumina support presulfurized as described provide
.increasgd liquid yield over catalysts without the oxygen-
containing hydrocarbon treatment. Thus, the invention is also
an improved hydrotreating and/or hydrocracking process which
comprises contacting at hydrotreating and/or hydrocracking
conditions a hydrocarbon feedstock and hydrogen with a catalyst
which has been presulfurized as described and which has been
heated to hydrotreating and/or hydrocracking temperature"in the
presence of hydrogen and optionally a hydrocarbon feedstock.
The ability to avoid instantaneous combusting provides the
presulfurized catalysts with a significant commercial advantage.

The ex-situ presulfurization method of this invention
allows the hydrotreating, hydrocracking and/or tail gas treating
reactors to be started up more quickly compared with the in-situ
operation by eliminating the presulfiding step. Further, the
pfesulfurized catalysts of the invention can be handled more
conveniently than the conventional ex-situ presulfurized
catalysts. Thus, the instant invention provides a process for
starting up a hydrotreating and/or hydrocracking reactor, which
comprises loading the catalyst presulfurized as described herein
into the reactor and activating the catalyst by heating the
reactor to operating conditions in the presence of hydrogen and
optionally a hydrocarbon feedstock. Further, it has been found
that catalysts activated by heating the catalyst in the presence
of hydrogen and at least one '
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1.5 W ! . @ﬁ carrier oil (feed strean) and a second sanple of"
sanme mat B4 gatgy vith 100% soybean oil. The mixtures were heated
to 140[ e j for one hour and then cool ed and drai ned. The
mat er i at jwa 5a] f-heating properties accordlng to Appendix E of-
49 CFR 1¥3 s§ 4, Division . 2 Substances-in Code of Federal
Regulat|nns) bs a 2.5 cmcube size sanple and a 10 cm cube

si ze sanpt- mptes=wkere further analyzed for exothernic onset by a

Differenti ﬁée&@aﬁﬁkngr(hﬂ{@fbﬂﬁfbyn Nevtihgr asbd il #A§0pushngat DEEREHPSPSC
measuring Selbk. LRIyt SR RESES YUodd! Brhfdtably from ssec, to 700ec,
preferably to 500°C at atmospheric pressure, give increased-
yields compared to gas activated cétalysts. Such hydrocarbons
include, for example, Jjet <fuels, kerosines, diesel fuels,
gasolines, gas oils, residual gas oils and hydrocarbon feed
streams (feedstocks). The catalysts are suitably activated at
a temperature from 25°C to 500°C, preferably to 450°C, and a“
hydrogen pressure of from 50, preferably 350, to 3000 psig. The
hydrocarbon rate will typically have a liquid hourly space
velocity ("LHSV") from 0.1, preferably from 0.2, to about 20,
preferably 15, more preferably 10, hrl.
Hydrotreating conditions typically comprise temperatures
from 100°C to 450°C, preferably to 425°C, and pressures above 40

atmospheres. The total pressure will typically range from 400
to 2500 psig. The hydrogen partial préssure will typically
range from 200 to 2200 psig. The hydrogen feed rate will
typically range from 200 to 10000 standard cubic feet per barrel
("SCF/BBL"). The feedstock rate will typically have a llquid
hourly space velocity ("LHSV") from 0.1 to 15.

Hydrocracking conditions typically comprise temperatures
from 100°C, preferably from 150°C, more preferably from 200°C,
to 500°C, preferably to 485°C, more preferably to 450°C, and

pressures from 40 atmospheres. The total pressure will t¥pically
be from 100 to 3500 psig. The hydrogen partial pressufe will
typically.range from 100, preferably from 300, more prefeiably
from 600 psig, to 3500, preferably to 3000 psig. The hydrogen
feed rate will typically ranqe.from 1000, more preferably from
2000, to 15,000, more preferably to 10,000, 'SCF/BBL. The
feedstock rate will typically have a LHSV from 0.05, preferably
from 0.1 to 20, preferably to about 15, more preferably to about
10. First stage hydrocrackers, which carry out considerable
hydrotreating of the feedstock may operate at higher tempera-
tures than hydrotreaters and at lower temperatures than second
stage hydrocrackers.

Tail gas treatment reactors typically operate at temp-
eratures ranging from 100°C, preferably from 200°C, to about
450°C, preferably 400°C and at atmospheric pressure. Typically



Pk iane

[

S Be s e e

onset ANEHLA fdiice along the trace to the first peak were entered’
to cal by pAsett gnperature and slop of the curve. The sanple was

" “heat ed {f rf ngg)w t@ 300[err]C at 10[err]C per mnute. A 500 cc/mn of
air purfgg t c as'rlng during the test. Catalyst Properties: :
Cobal t/ poeke +ef—astilvated al um na QSI ze. _ 1/ 20 i nch
Shape "Quadr al obe Form ' ‘Spent Car bon

12. 9 W86 _ :
' to 5% vol. of the tail gas fed to the reactor will comprise

hydrogen. Standard gaseous hourly space velocities of the tail
gas through the reactor will range. from 500 to 10,000 hr_l.
claus unit feed or tail gas can be used to start up the
catalysts. Supplemental hydrogen, as required, may be provided
by a gas burner operating at a substoichiometric ratio in order
to produce hydrogen. | -

In another embodiment of the invention, catalysts in a
refining or a chemical plant reactor such as hydrocracking,
hydrotreating, tail gas treating, hydrogenation, dehydrogenation
isomerization and de-waxing can be treated with the oxygen-
containing hydrocarbon and cpticnally carrier oil including feed
oil and/‘or fused-ring aromatic hydrocarbons before unloading
from the reactor, typically when operation is suspended, stopped
or halted by terminating the refining or chemical reaction, for
example by terminating the feed or by lower temperature, the
process provides a method of safely unloading the catalysts with
minimal catalyst oxidation and deterioration. The oxygen-
containing hydrocarbon-containing mixture (mixture can be
undiluted oxygen-containing hydrocarbon) penetrates to the
surface of the catalyst and diffuses into the pores of the
cat_a}ysts at the temperature in the reactor after suspension (or
stbpping) of its operation, and "coats" the catalyst with a
£ilm. o —=.

It is preferred that the temperature within the reactor
column be lower than the smoke point or boiling point (at the
reactor operation pressure) of the oxygen-containing hydrocarbon
when the mixture is added to the catalyst in the reactor. Thus,
after the operation of the reactor is stopped, the feed and/or
catalyst can be cooled from the operating temperature by
allowing the reactor to equilibrate with the ambient
temperature, recycling or by passing feed through a cooling
unit. The feed to the reactor can optionally be shut off. For
many of the oxygen-containing hydrocarbons, the temperature of
the reactor and/or catalyst is preferably less than about
175°C, more preferably less than about 125°C when the

hydrocarbon 1is contacted with <the catalyst at atmospheric
pressure. If the hydrocarbon is contacted with the
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catalyst at elevated reactor pressures, the reactor and/or
catalyst temperatures can be higher. The contﬁact temperature cén
be as low as the unloading temperature or lower. The catalyst
is typically unloaded at a temperature about room temperature
to about 70°C. '

The oxygen-containing hydrocarbon mixture can be introduced
into a reactor column after suspension of reactor operation. The
mixture can be added to a batch containing the catalysts or to
a recycle stream. Optionally, heavy oil or any similar raw
material from the reactor columns can be removed before adding
the hydrocarbon. The -catalyst is coated with the hydrocarbon
upon centact and incorporation, thus enhancing the safety of the
unloading operation by protecting the catalyst against oxidation
and rendering the catalyst less spontaneously combustible.

A mixture containing the oxygen-containing hydrocarbon
preferably in an amount from 1 to 100 weight percent of the
mixture is contacted with the catalyst in the reactor for a time
effective to coat the catalyst and reduce the self—heatidg
characteristics of the catalyst. Preferably the mixture should
be used in an amount sufficient to coat the surface of the
catalyst. |

PR TR T L L R

The o:&ygen-containing hydrocarbon may be applied in
admixture with a fused-ring aromatic - hydrocarbon and/or a
carrier oil. Preferable fused-ring arcmatic hydrocarbon <include
for example, any fused-ring aromatic hydrocarbon containing at
least 2 rings, preferably 2 to 4 rings, such as naphthalenes
such as alkylnaphthalene; anthracenes such as alkylanthracene;
and - pyrenes such as allylpyrene. Such fused-ring aromatic
hydrocarbons may be unsubstituted or substituted for example
with alkyl or aryl moieties. Carrier oil can be any hydrocarbon-
stream used in refining operations or a blend thereof having a
flash point of above about 38°C. Preferably carrier oil includes

straight-run heavy gas oil (HGO), vacuum gas oil (VGQ), diesel
oil and the like.

The oxygen-containing hydrocarbon and optionally
fused-ring aromatic hydrocarbon and/or carrier oil can be added
through separate lines then mixed or added after being mixed.
If desired, the mixture can be heated with any heating means
such as a heating .
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s lreated-wi-th-Soybean oil have hgduced sel f-heating. The sanple
treatdd With 100% soybefin oil have a sifil |l er. overall exothermthan the 1.5
W. %t ] hown by the integration values for each sanple.

furnace, band heater, heating coil or a heat exchanger, to the

desired temperature.

The invention will now be illustrated by the following non-
limiting Examples. ’
Example T: .

This Example demonstrates the case where the catalyst is
first presulfurized and then treated with oxygen-containing
hydrocarbon.

Part A: Sulfur impregnation

A commercial hydrotreating catalyst having the
properties listed below was used. _ '
Table 1: Catalyst Properties

-

Nickel 3.0 3wt
Molybdenun 13.0 3wt
Phosphorous ' - 3.5 swt
Support gamma alumina
Surface Area, mzlg 162

Water Pore Vol., cc/g 0.47 _
Size . 1/16 inch trilobes

250 Gram of the above sample was dried at 371°C for one

‘hour and then cocled to ambient under vacuum. The sample w@s
then placed in a flask and encugh sulfur, in powdered form, was
added at 85°C to produce a sulfur level of about 10% by weight.
The sulfur was aliowed to coat the catalyst and then th& flask,
which was provided with a slow nitrogen purge and placed in a
heating mantle, was further heated to 120°C for 30 minutes.
During this period the flask was vibrated continually to provide
mixing of sulfur and catalyst. The final sulfur level was about
10% by weight of the total catalyst. The water pore volume of
the sulfur-impregnated catalyst was determined to be about 0.37
cc/qg.

Part B: Oxygen-containing Hydrocarbon Reaction and
Comparative Examples )

The sulfur-impregnated catalyst from Part A was impregnated
with the various oxygen-containing hydrocarbons listed in Table
2. Catalyst from Part A was also impregnated with Diesel'and
Neodene 14/16/18 alpha-olefins as comparative examples.
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mii on conprising a presul furized or sulfided catal yst

i npregnated with at | east one oxygen-containi ng

therebi.redu0|ng the self- _heating characteristics of said

e A=COnposi ti on accordlngz9o claim1 wherein the

Impreagnatian was sufficiant %o £1ill 80% of the parea voluma
calculatad by:

(pora voluma of catalyst frem Pare Aj-(adis) (adjustad waight af
catalyst) (density of axygan-centalning hydracarbon or csmpara-
tiva compounds)egrams of aoxygen-centaining hydrscarbten or com—
parative compounds. Tha pore volume of the catalyst was datar-
minad with watar (mL/g). "Adjustad waight" is the amount qf

suliur/catalyst remaining after ratains and pors velumae
analysis.

Tha vagstable rasidue keaing sclids
or semi-selids at raoom temperature, wera heated up ta apprexi-
mately 80°C bafora being applied te the catalyst. All cthar hy-
drocarbens were simply added ts ﬁhe catalyst at room tampara-
ture. The catalyst was shakan with the hydrocarbon until the
catalyst appeared dry and is fres flowing. This took appraxizas-
ely 1C zminutes per sample. Qnce the hydrocarban was abscrbed tha
catalyst teaperatura was allowad ©3 resturn €3 rocm tampesature.

150 Grams of the catalyst vers lcaded inzs a 1 liser fsus-
nack flask equipped with a tharmeccusle t‘-*u;' cne gf the nacks
and placad in a Reating mantle. Ancthar neck ¢f tha £lask was
tusad To a ancther flask equipped with a csndansar which was
ubed ts a silicone cil=filled cantainaxr ts pravant alisr back-
iffusieon (cutlet).'Hitrogen £low was astablished €9 the flask
thrcugh ancther neck of the flask (inlet) az 273 cc/:dn. =
remaining neck was stoppered., The flask was attached tq a
vib-a Cory table and vxbrated :a: t:ne duration of the ‘heaat
treatment dascrzbad below. ) o .

ghe reacltor was heated to ZSO'C cver ten to twenty minutes
and held there typically for 30 minutes. After heat trsatment

ot

¢}

. Was complete, the Tsactor contents were cgaled ta room tampera-

ture under nitrogan purge. The samples were analyzed far sulfur

content and the exothermic onset tamperatures of tha samples
wera tastad.

o S : es . C e
Aporoximately. a 12 .gram aliquoc of the test,.sample was
placed in a 3.1 cm diametar, 4¢.§ cm height sample container,
mada g? 250 mesh stainless steel net, cavered with a 10 aesh
STainlass steal net, container cover which had a square haotconm
Nat wi%nh che

a porous support, at |least a part of which catalyst

| east 16 carbon atons and having an i odi ne val ue of



oxygen g—hwdracarbon is an aci d acid ester, -al cohol, ketone,. - t
_al dehy )ﬂEELA@MENT Q{E corrp05| tion accor di ng to claim2 wherein the acid -
ester }sfamoros i-, or poly-fatty acid ester. 4. - Alconposition |
accor dp ngy reln the fatty acid ester is a glyceride fatty acid
ester pa ,?@?F&ﬁ% 4100 carbon ato 5. A conposition according to
any onp et—-clai-us..l. wher ei n t he ox¥gen-cont ai ni ng hydrocarbon has from-
16 to BO carbon atoms. :

s

corners bent to form four 1legs so as. to raise the sample
container 0.8 cm off platform. .

The sample container was placed in a programmable furnace
at ambient temperature with a stagnant atmosphere. A thermo-
couple was placed in the center of the sample. Another thermo- - -
couple was placed near the sample container to monitor oven
temperature. The oven was ramped at 0.4°C/minute to 450°C. The
temperature data was collected and plotted as described below.

A time~temperature profile was plotted with temperature in
the Y-axis and time in the X-axis for catalyst temperature and
oven temperature.

Exothermic onset temperatures— of the temperature profile
test were determined by drawing a 45 degree tangent on the
sample's temperature trace at the onset of an exotherm. From the
tangent point, a vertical line was drawn to the oven trace then
from that point horizontal to the Y axis for temperature
readings. The results of the self-heating ramp tests are shown

P
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in Table 2 below.
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6. . A
deri-ved

..-:.

3 ng to-claim1 wherein the fatty acid ester is
fr

oleic, linoleic, linolenic, eleostearic,

'ricinolélc- "fdgcosenoi c, eicosatetraenoic, eicosapentaenoic,

decosapgntfe oc sdhexaenoi c-acid or a m xture thereof; and/or

soybean

cottonsded 0|
peanut oI

m xture

oi* saf'flower_oib6 sunflower oil, corn oil,
tung oil, caster oil, rapeseed oil, tall oil,
rilla oil, vegetable re5|due marine oil or a

thereof 7. A tonposi tion according to any one of the

-olive oi

Table 2:: Exctharmic Onset Temperatures

Qxvgen-containing hvdrgcarhan onget of Exotherm (°C)
Vagetable Rasidue Y ' 250
Distilled uetnyl Estars ¥ : 206
_ Linclaic Acid ° 244
Fatty a‘cohol 9 212
Linseed 011 ° 273
Soybean 011 & 237
comparative . :
Dissel ? 158
Necdene® 14/16/18 2 158

b

by . A veqetahle oll residue from Arista Industrias, a mixtura
of glycerides, polyglyceridas, polyglycarcls, dimer acids,
hydrocarbon and alcochols comprising 73twt C; fatty acids,
and 173wt Cy~fatty acids and having an iedine value of $5-
214Q.

c) Distilled methyl esters from Arista Industries, Inc. having
100 3wt of composition of CAS Registry No. 635350-352-3.

4) 99% pur ity lincleic Acid frem Aldrich Chamical.

. a) Mixture cf alcohols from Eenkal Corporation 87-354wt clayl

elconol .and .2-10%wt cetyl alcchol having $0~95. iod-na
value.

£) Raw linssad oil z*cm Anlor Cil Company.
q) R3D scybean oil from Lou Ana Foods.

1) No.2 fuel oil wita cetane value of 43 from Exxon Refining
and Marketing Company.

3} an olefin product nanufacturad by Shell Chemical Co.
$3.5%wt. minimum alpha-moncolefin comprising 18jwt. Cy

alpha-moncelefin, SO%wt. C, alpha-monoclefin and 35%wt. Cy
alpha-monoclafin.

t _D; £ L i 8
Toluene was used as a extractive solvent for measuring the
-ability of the catalysts to resist sulfur leaching. Generally,
the. samples  ware .subjected -to a ot .toluena: extraction -then .
washed with petroleum ethar and dried far analysis. Sulfur
analyses bafore and <following the extraction are usad to
calculate percent sulfur retention.. A thorough drying of the

sample is nacessary to prevent artificially high carbcn and
‘sulfur’ readirigs during analysis
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preceding cliRg atal yst conprises at |east one netal, netal
-sul fide or == et al of Goup VIB or Goup VIIl of the

- Periodic Tal nanltlon according to claim?7 wherein the 45
catal yst 'isfs na, silica, silica-alumna, zeolite or a
.m xture ther mposi tion accogplng to any one of clains 1

A Soxlilat extractar (zcoml)'equippqd with a beiling flask
(SOOml)'and Allihn condenser was usad. The cotton thiabla of tha
axtractor was fillled with approximataly 10 grams of catalyst ta
be analyzed and lcaded {inte the Seoxhlat extractar. The ‘bailing
2lask was filled abcut 3/4 full (about 1350ml) with toluene.
Toluena was brought to rapid belling so a cycla cf filling and
emptying of thimble occurs approxinmataly every 7-S miautaes. The
catalyst sampls was axtractad feor a minindz of ¢ hours ts a
maxizun of 18 hours. Extraction was stoppad when exzract in
siphon tube was water clear. Catalyst was coolad and placed an
a filter in a Buchner funnel and washed with 50 ml of patrolaum
aether tc‘displace toluane and thaen driad ian a 1g0°C oven for 1
hour. Prolonged drying may compromise results by loss of sulfur
from sample. An alternate drying method iz to purge the saxmpla
with nitrogen for 2 to 3 hours. Tha extractad catalysts wara
analyzad for carban and sulfur content (wt.$ and) wizh a LEC
corparation CS-244 carben-sulfur analyzer. The percan< o< suliur
retained after extractisn is sghown in Tabla 2 zelcw. This
perseant: c2 :atainad sulfur is caleulated as the aacunt of sulfur
Sl the catalyst after the extraction of Paxt D (Frash 3asi
aftar) dividad by the sulfur in the catalyst after the cxygan-

ta_“Lng Hyd.cca bon tresatzant of Partc B (Tresh Basis kelgre)
tizas 100%. Fresh basis was calculatad uéing the £sllewin
equation:

J

0

Frash Basis Sulfur = Sulfur wE. % / (100-(Carben wt.% + Su fux
wt.%)) 100%.

Table 3: Sulfur Leaching Results

' “"Reactant" Hvdrdecarbon -
un r fur Aftar Extractjon
Qxvgen-coptaining hydrocarbon Sulfur BExtractabllity (%)
Vegatable Residue Y 8s
Distilldd Maethyl Esters 9 - . >95
‘Linoleic Acid .¢ : : 8§
Fatty alcohal ¢ 66

Linseed 0il ? _ . 83
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. Pl a reduced catal yst, a hydrocracki ng catal yst
or a hydrofr ¢at i . 1 10. A nethod of reducing the self-heating
characteri ticqa I ffirized or sulfided catalyst having a tendency
to self-hegtfor= '-Jt e presence of air or oxygen at a tenperature
of 200[ err [iClos ; fhll ch catal ysfg i s supported on a porous support
whi ch conpfii ses contacting sigid catalyst with at |east one '

oxygen- cont=aH havi ng at | east 16 carbon atons and havi ng an

i odi ne value of at least 60. 11. A nmethod according to claim 10 wherein
t he ' '

Sovbaan Qi1 ¢ aa
comparative S
Diasel ° _ 77
Neadane® 14/15/18 2 33
a)=3) ~ as dagcribed in Table 2.
k) B : antion Te

_A. commercial hydrotreating catalyst having the proparties
listed below was used to prepare the sulfurized catalysts:
Table 4: Catalyst Propertias

1 Nickel 2.24 Wt
% ) Molybdenun . 7.54 %Wt
g Phasphorus - . 3.5 swt
f Suppert T gamma alumina
' Surfacs Area, m%/g 309
Water Pore Vsl., ce/g b
Size 1/18 inch trilches

; Sulfur was impregnated accozrding to the method of Pazt A
‘l using 5.5wt¥ of sulfur and soytean cil and Neodsne 14/16/18 vere
a ' izmpregnated according to the mathod of Part B. Carben and sulfur
| content of tha catalyst were analyzed using LECO corporation CS-
; 244 carbon-sulfur analyzer. Fresh Basis Sulfur was calculated
‘using the equation shown in Pazrt D. Parcent Stoichicmatric
sulfur was calculatad by dividing (the Fresh Basis Sultta'.).‘ over
i (the amount ¢f sulfur added) times 100 parceant.

Table 5: Sulfur Ratention

. carbkon Sulfur Frash Basis Percent
Sample .3 HE-% sSulfur wt.3 3Sto atric
Neodaned®? 26.7 3.0 . 4.3 ' 73
Soybean® 33.5 3.5 5.6 95

a) and b) as described in Table 2 as §) and g) respectively.

As can be seen from the Table the parcaent .ratantion of

.sultn‘xr is significantly improved by using a glyceride fatty acid
. egtar. ' '

o
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-

in ‘any one of clalns 2 to 6 and/or the catalyst'
f‘ of claims 7 to 9. 12. * A nethod according to

Iorli ses presul furizing porous particles of a .~
ijni ng at | east one nmetal or netal oxide by (a)
th el ement agg sul fur at a tenperature such that
sulfur is incorporated in the pores of said

- cat al yst =hby=stb ekt Tm-,!d/or nelting; and (b) prior to, at the same tinme

as or subsequent to . o :
This Exampla demanstrates the aembadiment whare tha
presulfided ar sulfurized catalyst s coatsd with axygen-~
cantalining hydrscarban. | |
A commarcsial sulfurizad hydraetreating catalyst having tha
propertias listad balow was usad.

Taidla &€: Catalyst Praperties

Nickal 3.0 $wt
Molybdanum ' 13.0 $wet
Phesphorus 1.5 %wt
sSulfur - 8 Iwe
Suppozt : gamma alumina

N Size S 1/16 inch trilcbes

Tha oxygen-cantaining hydrocarbon listad in Table 7 was added

to the sulfurized catalyst in an amount listed. The hydrgcarbon

was addad te the catalyst at ambient texmparature and allowed o

abgarbh intc tha pores. The treated catalyst nay take sgma time

<o absorb the substances go that it is not tacky and flows

frealy. The salf-heating ramp test was mDeasursd i a sizilar
nler T Example I, par=-C.

Takle 7: Past-coatinag

oxvaan-= ainine Hvdw bho émggnt!ggga sat

shers: °
1:1 wt ratio saybean:linsead 8 - 280
1:3 wt ratis scybean linseed 10 250
xam :

A presulfurizead catalyst praparaed in a‘ similar manner to
Exanple I was used in a hydrotreating process. 7 t?'pes af
cétalysts, (1 comparative} wera used. Thasa wera:.

1) COoMB Ca alyst - the commercial hydrotraating catalyst
listad 1n' Table 1 which has been sulfidad by an industry

accepted sulfiding method using hydrogan and hydrogen sulfidae
as described below.
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- at leas} pne oxgﬁfn conk g ni ng hydrocarbon has at

step (aj

SEmh catal yst particles with said at .| east one
oxygen- geay

bon. 13. A nethod according to claim10 wherein °

| east 20 carbon atons or
ﬂ@Oac ester, which conprises presul furizing porous

is a gl c=H
S

-particlg _of a sul fidabl catalyst containing at | east one netal or netal
oxi de by (aj” contactr g dai d catal yst 3% th at 1east one sul fur conpound
under cka so as td i

| i ncorporate at |east a portion of said sulfur
conpound in the pores of -

2) Bl Catalvsz -

a cata’yst preparad as dascr -ibed
in Illustrative Tmbadiment I

I with 100% staichiametric sulfuz
and using the vegstatle residue desczibed in Tabia 2

3) D) Camalyse - a catalyst presparad as descrihed
in Illustrative Embadiment I with 100% stoichicmetric sulfur
and using the methyl asters described in Takle 2.

4) El_Catalyst - a catalyst preparad as described
in Illustrative Embodiment I with 100% stoichicmetric sulluz
and using the vegetakle oil dascribed in Takls 2 and Necdene

14/15/18 alpha-glefin described iz Tacle 2 in a weight ratio
cf L:L. ~

Tha catalysts were lcoadad ints the rsactsr as follows:
48cc of catalyst (basis compacted bulk density) was dividad ints
3 aligquots. The f£irst aliquot contained 4 cc c2 catalyst and was
‘diluted with 10 to 14 mésh alundum at a ratic o2 alundum o
catalyst of 10:1. The remaining two aliquots cenlainad 22 cc

. of catalyst each and were dilutad 1l:1 wich alundum. Thase
aliquots were loaded ints the reactor tube with the dilute ons
on top (the inlet end). .

Activitv Tasts .
A blend of 50 wtt vacuum gas oil, 25 wtt light cycls

oil and 25 wt¥ CC haavy gas oil (VGQ/LCO) was used as feedstock
’ havinq the following properties: '

twt Sulfur 1.93
ppn Nitrogen 1420
Refrathve Index ~ 1.5377 (25°C)
API Gravzty 17.8°
1) ca st A !

Tha Catalyst was dried at 400°c for one hour in air, caclad
. in.a.desiccater and. loaded into tha reacter. It was 3ulfid°d

in a flow aof 60 N1/hr of 95%vaol hydrogen/S¥vol hydrogen sulfide
according to the following schedule:



FRTER P I PR

and (b) prior to, at the sane tinme as or’

ontactlng said catalyst particles with, said at
hydrocar bon. 14, A process for preparing a

treating and/ or hydrocracklng a hydrocar bon

a sulfur-cgntalnlng gas strean1 whi ch conpri ses
osition as

_subsequen..‘
t east ong¥g
cat al yst ¢
st ream orl
heating 3

a. ambient to 218°C in one hour

b. hold at 218°C for one hour.

c. heat from 218°C to 329°C in one hour
d. heat from 229°C to 343°C in one hour
e. hold at 343°C for one hour

f. cool reactor and hold at 246°C

2) Diesel Activation )

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

a. Unit was pressurized to 700 psig and hydrogen
circulation was-éstablished at 1000 SCF/BBL ( Nl/hr).

b. Diesel feed was started to the catalyst bed at 1.5
1HSV and ambient temperature. .

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

d. The reactor was then cooled over 2 hours to 246°C.

3) Activity Testing _

For activity testing the unit was pfessured'up to 700 psig
and heated to 246°C with a hydrogen gas rate of 220 SCF/bbl
(13.2 Nl/hr). The VGO/LCO feed was started to the unit at 1.5
LHSV (66 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 reactor was at 329°C, a 12 hour break-in period
was begunl The product from this period was not analyzed. The
run was continued with additional weight periods of 12 hours and
the products of third weight period (37-48 hours) were analyzed
for nitrogen and sulfur. From these values rate constants were
calculated for the hydrodenitrification ("HDN") reaction and the -
hydrodesulfurization ("HDS") reaction. These 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 velogity
(feed rate). For HDN
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‘clainmed in

) _ ]C to 500[err]Cin the presence of hydrogen to
product . et

™ process according to claim14 wherein:the
catal yst i § bafing the treated presulfurized catalyst in the .
presence of -af | east one hydroearbon having a boiling point of
at | east abpo 35lerr] C atda onDspheH<% pressure at a tenperature from
25[err]Ctqd 430[err]C, a hydfogen parti§I pressuré from 50 psig to.3000
psi g and a H==gH e Velocity from0.1 to 20 hr[err]. 16. A
process according to claim15 wherein the

the reaction order is 1.0 and the k value is calculated by the
equation

k = (space velocity) =1 conc. af.h{.in feed }
(sp elocity) =1n {conc. of N in product
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:

1.7-1 -

R = { Space veloc.ity} { 1 1 }
{(conc. of S in product)®-? (conc. of S in feed)®?

The relative rate constants are provided in Table 8, normalized

against the values for the third weight periocd for the COMP
Catalyst. -

Table 8: Activity Tests
Weight Periocd

Catalyst Activation HDS Rel.K Value HDN Rel. X Value

COMP 1) Standard 1.00 1.00
A 2) Diesel 0.94 0.88
B 2) Diesel 1.04 0.94
c 2) Diesel : 0.87 0.87
D 2) Diesel 0.94 1.02
E 2) Diesel 1.00 1.01 -z..

As can be seen the catalysts of this invention show a
comparable hydrodenitrification activity (without significant
decrease in activity) to a traditional hydrotreating catalyst.
Further, catalysts containing unsaturated hydroéarbons show
advantage over catalyst with'only saturated hydrocarbons with
regard to the hydrodenitrification activity.

Example JIV:
2-753 Ni-W/Ultrastable Y zeolite based hydrocracking
catalyst, (from Zeolyst International Inc.), was presulfurized
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ﬁ%wmn'@ﬂ"y‘l*fg kerosine,_diesel fuel, gasoline, gas oil, resi dual
i 'iﬂéﬂh“hﬁ RS jeed stream ‘17. A process for hydrotreating and/or °
da bon streamor .tail gas treating sul fur-containing
i 4es contacting the streamin the presence of
catalyst as ngand in claim9 or one prepared by
process accordlng to claim17

: .
' terrperature from 100[err]C to 450[err]C.

according to the procedure outlined in Example I;

sulfur was incorporated accordihg to the method of Part
A using 5.5 wt% of sulfur. Soybean oil and Neodene were .
impregnated on the catalyst according to the method of'Part_
B. Carbon and sulfur content of the catalyst were analyzed
using LECO corporation CS-244 carbon-sulfur analyzer. Fresh
Basis Sulfur was calculated using the eguation shown in Part
D. Percent Stoichiometric sulfur was calculated by dividing
the Fresh Basis Sulfur percent by the percent sulfur
calculated for complete conversion of the oxidic nickel and
tungsten to the corresponding Ni,S, and WS, phases.

Table 10: Sulfur Retention

Carbon Sulfur Fresh Basis Percent
Sample wt.% wt.% Sulfur wt.% Stoichiometric
Neodene' 11.1 1.4 1.6 43
Soybean® 20.5 2.4 3.1 84

a) as described in Table 2 as j)
. b) as described in Table 2 as g)

As can be'seen from Table 10, the percent retention
of sulfur is significantly improved by using a glyceride
fatty acid ester such as soybean oil.

Performance Tests
A blend of 75 vol% hydrotreated cracked heavy gas

0il, and 25 vol$ hydrocracker bottoms stream was used as
feedstock for performance testing of the zeolitic
hydrocracking catalysts obtained from Example IV and the
fresh Z-753 (Reference Catalyst). Some of the feedstock
properties are listed in Table 11. DMDS and n-amylamine were
added to the feedstock to generate the requisite levels of Hﬂ5
and NH;, respectively.
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Table 11: Performance Testing Feedstock Properties

ppm Sulfur
ppm Nitrogen
wt¥ Carbon
wt¥ Hydrogen
API Gravity
338+ °C (wt%)

} DMDS (wt%)
n-amylamine (wt%)

14
25

87.334
12.69.

26.1°

71.4

0.133
0.079

Simulated Distillation of Feedstock
TEMP °C

Tt
IBP
5%

25%
50%
75%
90%
98%
FBP

Performance Testing Conditions

181

248

1330

382
434
481
537
572

d

The conditions employed for the performance testing

of the zeolitic catalysts above are given in Table 12.
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20.".A|REPHAGE [0 claim19, wherein at |east 100 kg of catalyst is -
. 21. A nethod-of unloading a presulfurized or '

i Eh} has a tendency to self-heat or conbust .in the _

presenfc )Xygen at a tenperature of 200[err]C or |ower and which

; oh a porous support, froma reactor in operation

g reactor operépions, t he nethod of claim 10 and

h- cont ai ni ng_hydrocarbon treated-catal yst fromthe

A net hodf 2REDr R hP et HMmAnsf Tasthng eongitéons

t hen
reactor. 22.

Hydrogen Pressure (psig) 1800
Hydrogen Circulation (scf Hy/bbl feed) - 8935
LHSV (hr) | 1.5
Cut Point for converison calculation (°C) 338°
Conversion Target (Single Pass, wt%) . 80.0

Catalvyst Activation Procedures

1) Zeolite Reference Catalyst: Gas Phase Activation

The fresh Z-753 catalyst was dried at 482°C for one hour
in air, cooled in a desiccator and loaded into the reactor.
It was sulfided in a flow of 95%-vol hydrogen/5% vol hydrogen

sulfide at a GHSV of 1500 hr!, according to the following gas
phase schedule:

a. ambient to 149°C, hold 1 hour
a. 149°C to 371°C in six hours

b. hold at 371°C for two hours

c. cool reactor to 149°C and hold
d. switch to pure hydrogen flow

1b) Zeolite Reference Catalyst: Licquid Phase Actiyation

To activate the zeolite catalyst, after loading it -
dried, the reactor was brought to 1800 psig pure hydrogen, at
a circulation rate of 8935 scf hydrogen/bbl feed. The acti-
vation feedstock employed consisted of the performance
testing feedstock containing sufficient dimethyldisulfide
(DMDS) to produce 2.5 vol$ H,S, and n-amylamine to produce 15¢
ppm NH, in the gas phase, respectively. The procedure for the
activation was as follows:

a. reactor brought to operating pressure and hydrogen
rate

b. activation feedstock introducgd at 149°C
c. 149°C to 232°C in 3 hours '
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d. 232°C to 302°C in 18 hours

e. 302 °C to 315 °C in 8 hours

f. hold 315 °C for 8 hours

g. switch to activity testing feedstock and adjust
temperature to maintain 80 wt%¥ conversion of feed.

During steps c-f, H,S and i-butane were continuocusly
monitored in the exit gas stream of the reactor. Temperature
was ramped as long as H,S remained above 2000 ppmv, and
isobutane concentration remained below 0.4 vol%. Otherwise,
the ramp ‘was discontinued until these levels were realized.

2) Zeeolitic Catalyst: .
The zeolitic hydrocracking catalyst from Example IV
was dried at 482°C for one hour in air, cocled in a
desiccator and loaded into the reactor. It was activated in
the same manner as the catalyst in case 1) of this Example.

2a) Zeolitic catalvst: _

Gas Phase Activation with 0.5% vol H.S.

After reactor loading 25 cc of the zeolitic
hydrocracking catalyst frbm Example IV and pressure testing,
the following procedure was used for a gas phase actiwvation
that simulates 0.5% H,S in the recycle gas:

a. prs__'.ssur'ize reactor to 450 psig with pure H, and establish a
" GHSV of 320 hrl. _

b. ramp temperature at 14°C/hr to 120°C; begin sampling the
reactor off-gas for H,S each 0.5 hr.

c. switch to 0.5% H;S/95.5% H, mixture

d. ramp temperature to 205°C at 14°/hr.

e. at 205°C, increase pressure to 1500 psig and establish a
GHSV of 850 hrl.

f. ramp témperature to 370°C at 14°C/hr, interrupt ramp if -
H,S in reactor off-gas drops below 2000 ppmv.
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g. hold at 370° for 4 hours

h. cool to 149°C _

i. switch to pure H, and set pressure and flow rates for
performance testing )

2b) Zeolitic catalvst: Liguid Feed Activation

The same method as for reference catalyst liquid
activation was used to activate zeoclitic catalyst from
Example IV. The same activity testing feed was used with
sufficiept dimethyldisulfide (DMDS) and n-amylamine added to
produce 2000 ppm H,S and 150 ppm NH; in the gas phase,
respectively. DMDS was added to the feed in order to simulate
a minimum level of H,S that could be tolerated during
activation in the gas recycle loop of commercial units.

All gas phase activgted catalysts (1), (2), (2a):
After activation with the hydrogen sulfide/hydrogen mixture,
the reactor was cooled to 149°C and the following startup

‘procedure was implemented:

a. introduce activity testing feed at 149°C

b. 149°C to 260°C in 5 hours

c. 22°C/day for 4 days

d. 5.5°C/day for 5 days _ =
e. adjust reactor temperature to maintain 80 wt%

conversion of 338+ °C in feed.

Conversion (wt%) is defined as follows:

100 x wt 38+ °C in feed - Wt% 338+ °C in oduct
(Wt% 338+ °C in Feed)

In this conversion definition, gaseous products are included.
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Performance Testing Results
Liquid and gas product streams were both analyzed and

mass balanced yields based on feed oil and hydrogen were
calculated. Representative weight period results from-
testing of the three zeolite catalysts are found in Table 13.

Values for product cuts are reported as mass balanced wt$
based on feed. '
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Table 13. ' Representative performance measures for zeolitic
hydrocracklng catalysts.' Values reported are calculated for
80% conversion.

PRODUCT CUTS (°C)
Cs=82° 82~-190° 190~ 288° 288-338° 338 +

1 378 15.0 23.0 37.8 9.1 2.7 14.5
1b 381 17.1 23.5 35.4 8.0 3.3 14.5
2 378 12.1 18.5 40.6 12.3 3.6 14.5
2a 381 14.4 19.3 39.7 11.5 3.7 14.4
2b 377 11.8 19.1 42.0 10.9 3.2 14.5
Catalvst* Temp C;=C, Cs=82 §2-190 190-288 288-338 338+
3 1 384 17.7 25.4  34.9 7.3 2.3 14.6
2a 387 17.3 22.% 35.1 8.8 3.3 14.5
2b 381 13.2 19.9  40.9 10.4 2.9  14.5.

(a) Absence of a letter following the catalyst reference
number denotes gas phase activation with 5% H,§/95% H,, "a"
following the catalyst number denotes gas phase activation
with 0.5% H,S/99.5% H,, and "b" denotes liquid phase
activation. (b) Values reported are for 700 hours on feed.
(c) Values reported are for 1400 hours on feed.

As can be seen from Table 13,
(2,2a,2b) show a significant improvement in
liquid yield relative to the referénce catalysts (1 and 1b).
This improvement occurs regardless of whether the referénce
catalyst was activated in ligquid phase or gas phase,
more appropriate

the zeolitic catalysts of
this invention

but the
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comparison of the two liquid phase activations reveals the
greatest advantage for the invention catalyst. In this case,
the catalyst also exhibits an advantage in activity, with a 3°c

lower temperature requirement.at 80 wt$ conversion.

Table 14. Yield stability data on selected cuts for reference
and invention catalysts.

~ C,~C, Yields 82-190°C Yields

HOURS ==> 500 1000 1600 500 1000 1600
Catalvyst

1 13.8 16.6 18.3 38.6 36.4 34.5
1ib 15.4 - 19.5 - 37.3 32.8 -

2 11-1 1402 - 4104 39.0 -

2a 11.6 14.8 16.8 40.6 37.8 35.5
2b 10.1 - 12.7 13.2 43.0 41.0 40.7

Table 14 illustrates the additional benefit of yield
stability associated with the process of liquid phase activation
of the catalyéts prepared according to Example IV. Both the gas
phase activated reference catalyst (1) and the liquid phase
activated invention catalyst (2b) have an initial C1-C4 yield
decline rate of 5.6 wt$/1000 hrs. However, in the case of (2b),
the yield decline rate between 1000 and 1600 hours on feed has
dropped to 0.8 wt%/1000 hrs, while that of (1) is 2.8 wt$/1000
hrs. The case is even more dramatic when examining the naphtha.
range (82-150°C) ligquid yields. The 1000~1600 hours yield
decline rate for (1) is 3.2 wt3%/1000 hrs, while that of (2b) is
only 0.5 wt$/1000 hrs.
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This yield stability can translate into significant improvement
in output of valuable products for the refiner, at the same time
decreasing the production of the less valuable Cl1-C4 stream.

Example V

In this Example a spontaneously combustible or self-heating
catalyst is unloaded from a reactor after treatment with oxygen-
containing hydrocarbon.

A highly self-heating, spent, hydrotreating catalyst listed
below (ocbtained from a hydrotreating reactor) was treated with
1.5 Wt. % soybean o0il in a carrier oil (feed stream) and a
second sample of same material was treated with 100% soybean
0il. The mixtures were heated to "140°C under nitrogen for one
hour and then cooled and drained. The material was tested for
self-heating properties according to Appendix E of 49 CFR 173
(Test for Class 4, Division 4.2 Substances in Code of Federal

Regulations), which requires a 2.5 cm cube size sample and a 10
cm cube size sample.

The samples were further analyzed for exothermic onset by
a Differential Scanning Calorimetry, Mettler's TA 4000 using a
DSC27HP DSC measuring cell. For the purposes of this test the
onset and half the distance along the trace to the first peak
were entered to calculate the onset temperature and slop'of the
curve. The sample was heated from 30°C to 500°C at 10°C per

minute. & 500 cc/min of air purge the DSC measuring during the
test.

Catalyst Properties:

Cobalt/Molybdenum on activated alumina

Size 1/20 inch
Shape Quadralobe
Form . Spent -

Carbon 12.9 Wt. %

Sulfur ' 7.9 Wt. %
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Both samples treated with soybean oil (at 1.5 and 100%)
passed the Large Basket Test as described in Appendix E of 49
CFR 173. The untreated sample failed the Large Basket Test.

Exothermic Onset temperatures for the samples determined

by DSC are as follows:

Table 15
Sample Onset Temperature Integration#*
(°C) (3/9)
Untreated Sample 140 2857.6
1.5 Wt.$¥ Soybean 0il 238 392.2
100 Wt.$ Soybean 0il : 232 261.0
* samples integrated from onset to S00°C

Samples treated with soybean oil have reduced self-heating.
The sample treated with 100% soybean oil have a smaller overall
exotherm than the 1.5 Wt.¥ treated sample as shown by the
integration wvalues for each sample.




PR R

[RAIG-E S L1 8

[RRTITS. SES T P A VRt Ty S L ELEL S .

REPLACEMBNT SHEET, - = L

44

oseewm | | S ”!Illllllll[lllllllllgﬂll[ll

—

—

et o —

e
e — - ——

SLAIMS

1. A composition comprising a presulfurized or
sulfided catalyst which is sugported on a pcrous suppert,
at lzast a part of which catalyst has been coated and/or
impregnated with at least one oxygen-containing
nydrocarbon having at'least 16 carbon atoms and having an
igdine value of at least 60, thereby reducing the salf-
heating characteristics of said catalyst; '

2. A composition according to claim 1 wherein the
oxygen-containing hydrocarbon is an acid, acid eéter,
alcohol, ketone, aldehyde or ether.

3. A compasition according to claim 2 wherein the
acid ester is a mono-, di-, tri-, or poly-fatty acid
ester.

4. A composition according to claim 3 whersin the
fatty acid sster is a glyceri&e fatty acid ester having
from 16 te 100 carbon atcms. '

'5. A composition according to any one o claims 1
to 4 wherein the oxygen-centaining hydrocarbon has £fre
16 to 80 carbon atoms.

6. A composition according to claim 1 wherein the
fatty acid ester is derived from palmitoleic, oleic,
linoleic, linolenic, eleostearic, ricinoleic, eicosenocic,
docosenoic, eicosatetraencic, eicosapentaenoic,
de;osaﬁentaenoic or docosahexaencic acid or a mixture

' thereof: and/of soybean oil, linseed oil, safflower oil,

sunflawer oil, corn oil, cottonseed oil, olive oil, tung
oil, caster oil, rapeseed oil, tall oil, peanut oil,
canbra oil, perilla oil, vegetable residue, marine oil of
a mixture thereof.

7. A composition according to any one of the
preceding claims wherein the catalyst comprises at least
one metal, metal sulfide or metal oxide of a metal of
Group VIB or Group VIII of the Periodic Table.

8. A composition according to claim 7 wherein the



g

Moo arbtinedwain

R L

IREPLACEMENT SHEET]

45

e A ] 1111

catalyst is supported on alumina, silica, silica-alumina,
zeolite or a mixture therecf.

9. A compasition according to.any one of claims 1
to 8 wherein the catalyst is a reduced catalyst, a
hydrocracking catalyst or a hydrotreating catalyst.

10. A method of reducing the self-heating

characteristics of a presulfurized or sulfided catalyst

‘having a tendency to self-heat or combust in the presence

of air or oxygen at a temperature of 200°C or lower and
which catalyst is supported on a porous support which
comprises contacting said catalyst with at least one
oxygehfcontaining‘hydrocarbon having at least 16 carbon
atoms and having an iodine value of at least 60.

. 11. A method according to claim 10 wherein the
hydrocarbon is one defined in any one of claims 2 to 6
and/or the catalyst is one defined in zny one of claims 7

- to 9.

12. A method according to claim 10 cr 1l which
comprises presulfurizing'pcrous particles of z sulfidable
catalyst containing at leas® one metal.or metal oxide by

{a) contacting said éatalyst with elemental sulfur
at a temperature such that at least a portion of said
sulfur is incorporated in the pores of said catalyst by
sublimation and/or melting:; and

(b} prior to, at the same time as or subsequent to
step (a), contacting said catalyst particles with said at
least one oxygen-containing hydrocarbon.

13. A method according to claim 10 wherein at least
one gxygen-containing hydrocarbon has at least 20 carbon
atoms or is a glyceride fatty acid ester, which comprises
presulfurizing porous particles of a sulfidable catalyst
containing at least one metal or metal oxide by

(a) contacting said catalyﬁt with at least one

" sulfur compound under conditions so as to incorporaze at

least a portion of said sulfur compound in the pares aof
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said catalyst by impregnatiocn; and

(b) prior ts, at the same time as or subsequently

T
(4]

step (a), contacting said catalyst pacticles with said
at least one cxygan-cecntaining nydracarcbon.

14. A process for preparing a catalyst suitable fox
hydrotreating and/sr hydrocracking a hydrocarbon stream
or talil gas Lreating a sulfur-ccntaining gas strean,
which ccmprises'heatinq a presulfurized composition as
claimed in claim 1 to 200°C to 500°C in the presence of
hydrogen to product metal sulfide.

1S. A process according to claim 14 wherein the
catalyst is activated by heating the treatad
presulfurized catalyst in the presence of hydrogen and at
least one hydrocarbon having a boiling point of at least
apout 35°C at atomospheric pressure at a temperzatu

¥
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25°C to 430°C, a hydregen partial pressura from 50 psig
to 3000 vsig and a Liquid Zourly Spacs Velecity from C.1
to 20 ar, |

16. A process according to clainm ls_wherein thé
hydzrocarbon is iet fuel; kerosine, diessl fuel, gasclirne,
gas oll, residual gas oil or nydrccarbon feed stream.

17. A process for hydrotreating aad/or
hydracracking a hydrocarbon stream or tail gas treating
sulfur-containing gas stream which comprises contacting
the stfeam in the presence of hydrogen with a sulfided
cétalyst as claimed in claim 9 or one prepared by a
process as claimed in claim 14. ' |

18. A process according to claim 17 wherein the
stream is contacted with the hydrocracking catalyst at a
tamperature from 100°C to 450°C.

19. A method of transporting a presulfurized oz
sulfided catalyst which has a tendency to self-heat or
combust in the presence of air or oxygen at a temperature
of 200°C or lower and which catalyst is supported on a
porous support, which comprises the-method of claim 10,

0.SEP 999 ‘ o MRG
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placing the treated catalyst in a container and then
transporting the container. .
20. A methed according te clain 13, wherein at
least 100 kg of catalyst is placed in said container.
21l. A methed of unlcading a gresulfurized or
sulfided catalyst which has a tendency to self-heat cr
compust in the prasence of air cr oxygen at a temperature
of 200°C or lower and which catalyst is suppexzted cn a
Scrous suppert, from a reactor in operation which
ccmprisinq stopping reactor operation, the method 2
claim 10 and then removing the dxygen-containing
hyd*cca*hcn treated catalet Frcm the reactcr.
2Z2. A method according to =ny one of claims 17 o
21 wherasin the hydrocarbon is as dsfined in any one <f
claims 2 to 7.
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A METHOD OF TREATING A SPONTANEOUSLY COMBUSTIBLE CATALYST

Abstract of the Diéclosure

Self-heating characteristics of a spontanecusly combustible

Scatalyst are reduced by treating ‘the catalyst with an oxygen-
containing hydrocarbon having at least 12 carbon atoms. The
treatment is particularly suitable for reducing the self-heating

characteristics of sulfidable metal oxide(s)~-containing catalysts, -
presulfurized catalysts, presulfided

catalysts or - reduced.
catalysts. “ g

When applied to sulfur-containing catalysts,”.th -
jtreatment gives a catalyst that has suppressed self-heatiri_g
properties without substantially compromising sulfur retention or °
activity. Further hydrocracking catalysts treated by the oxygen-
containing hydrocarbons give improved product vield. Further, a
method of safely unloading a catalyst from a reactor is provided
where the catalyst in the reactor is treated with a liquid mixture
containing the oxygen~containing hydrocarbon to wet tix_e catalyst.




