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[57] ABSTRACT

A supported carbon-containing molybdenum sulfide
and tungsten sulfide catalyst useful for conducting met-
hanation and hydrotreating reactions, principally the
latter, can be formed by compositing a preselected
quantity of a porous, refractory inorganic oxide with a
complex salt characterized by the formula

Bx[MOyS4— y]

where B is an organo or hydrocarbyl substituted diam-
monium ion, an organo or hydrocarbyl substituted am-
monium ijon or quaternary ammonium ion, or an ionic
form of a cyclic amine containing one or more basic N
atoms, x is 1 where B is an organo or hydrocarbyl sub-
stituted diammonium ion, or 2 where B is an organo or
hydrocarbyl substituted ammonium or quaternary am-
monium ion or an ionic form of a cyclic amine contain-
ing one or more basic N atoms, M is molybdenum or
tungsten, and y is 0, or a fraction or whole number
ranging up to 3, and heat decomposing the salt of said
catalyst precursor composite in the presence of hydro-
gen sulfide and hydrogen to form said supported car-
bon-containing molybdenum sulfide or tungsten sulfide
catalyst.

20 Claims, 1 Drawing Figure
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SUPPORTED CARBON-CONTAINING
MOLYBDENUM AND TUNGSTEN SULFIDE
CATALYSTS, THEIR PREPARATION AND USE

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This invention relates to a process for the preparation
of supported carbon-containing molybdenum and tung-
sten sulfide catalysts, the supported catalyst species
prepared by such process, and to the use of such cata-
lysts in methanation or hydrotreating. In particular, it
relates to a process for the preparation of a species of
highly active, highly selective supported, metal-pro-
moted hydrotreating catalysts, the catalyst species pre-
pared by such process, and the use of such catalyst
species in conducting methanation and hydrotreating
processes, particularly the latter.

(2) Background and Prior Art

Hydrotreating processes are basic, and very well
known to the petroleum refining industry. These pro-
cesses require the treating with hydrogen of various
hydrocarbon fractions, or whole heavy feeds, or feed-
stocks, in the presence of hydrogenation (hydrogen
transfer) catalysts to effect conversion of at least a por-
tion of the feeds, or feedstocks to lower molecular
weight hydrocarbons, or to effect the removal of un-
wanted components, or compounds, or their conversion
to innocuous or less undesirable compounds. Hydro-
treating may be applied to a variety of feedstocks, e.g.,
solvents, light, middle, or heavy distillate feeds and
residual feeds, or fuels. In hydrofining relatively light
feeds, the feeds are treated with hydrogen, often to
improve odor, color, stability, combustion characteris-
tics, and the like. Unsaturated hydrocarbons are hydro-
genated, and saturated. Sulfur and nitrogen are re-
moved in such treatments. In the treatment of catalytic
cracking feedstocks, the cracking quality of the feed-
stock is improved by the hydrogenation. Carbon yield is
reduced, and gasoline yield is generally increased. In
the hydrodesulfurization of heavier feedstocks, or resi-
duas, the sulfur compounds are hydrogenated and
cracked. Carbon-sulfur bonds are broken, and the sulfur
for the most part is converted to hydrogen sulfide
which is removed as a gas from the process. Hydrodeni-
trogenation, to some degree also generally accompanies
hydrodesulfurization reactions. In the hydrodeni-
trogenation of heavier feedstocks, or residuas, the nitro-
gen compounds are hydrogenated and cracked. Car-
bon-nitrogen bonds are broken, and the nitrogen is con-
verted to ammonia and evolved from the process. Hy-
drodesulfurization, to some degree also generally ac-
companies hydrodenitrogenation reactions. In the hy-
drodesulfurization of relatively heavy feedstocks, em-
phasis is on the removal of sulfur from the feedstock
which is usually converted to lower molecular weight,
or lower boiling components. In the hydrodenitrogena-
tion of relatively heavy feedstocks emphasis is on the
removal of nitrogen from the feedstock, which also is
converted to lower molecular weight, or lower boiling
components. Albeit, hydrodesulfurization and hy-
drodenitrogenation reactions generally occur together,
it is usually far more difficult to achieve effective hy-
drodenitrogenation of feedstocks than hydrodesulfuri-
zation of feedstocks.

The dwindling supplies of high grade petroleum feed-
stocks necessitates the increased production and pro-
cessing of transportation fuels from lower grade, heavy
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petroleum feedstocks and synthetic liquid hydrocarbons
derived from hydrocarbon-containing, or precursor
hydrocarbon-containing, solids. The refiners’ feedstock
sources as a result thereof continue to change, particu-
larly as the worldwide supplies of petroleum diminish.
The newer feedstocks often contain higher amounts of
nitrogen, sulfur, and other materials. Nonetheless,
whatever the difficulties, it remains a necessity to effec-
tively hydrotreat the new feedstocks; often to a greater
extent than previously was required. It has thus become
necessary to process whole heavy petroleum crudes and
residua from unconventional sources, as well as syn-
thetic fuels (syncrudes; e.g. liquified coal, oil from coal
carbonization, oil from tar sands, shale oil and the like
inclusive of residua or viscous syncrude fractions). All,
particularly the later, are under active consideration as
commercial feedstocks, or feedstock replacements for
higher grade petroleum sources. Feedstocks derived
from these sources are often of high olefinic content,
contain more sulfur or nitrogen, or both, than feed-
stocks derived from more conventional crude oils.

Naphthas, notably those derived from syncrudes, viz.
residua, shale oil, and coal, are highly unsaturated and
contain considerably more sulfur, nitrogen, olefins, and
condensed ring compounds than the more conventional
naphthas. For example, nitrogen and sulfur are con-
tained in cat naphtha in concentrations ranging up-
wardly from 50 ppm and 1000 ppm, respectively. In
coal liquids nitrogen and sulfur are present in concen-
trations ranging upwardly from 1300 ppm and 5000
ppm, respectively; and oxygen is presently in even
higher concentrations. These compounds cause activity
suppression and an all too rapid deactivation of the
catalysts. Coke formation is increased, and there is more
cracking with increased gas production. Albeit these
compounds, except for condensed ring naphthenic com-
pounds, can be removed by conventional hydrofining,
this is a severe, if not an intolerable process burden due
to the large hydrogen consumption; and hydrogen be-
comes more and more a very expensive commodity.
Thus, generally considerably more upgrading is re-
quired to obtain usable products from these sources.
Such upgrading generally necessitates hydrotreating
the various hydrocarbon fractions, or whole crudes,
and includes reactions such as hydrogenating to satu-
rate olefins and aromatics, hydrodesulfurizing to re-
move sulfur compounds, hydrodenitrogenating to re-
move nitrogen, and conversion of high boiling com-
pounds to lower boiling compounds.

Typical hydrotreating catalysts are exemplified by
cobalt molybdate or alumina, nickel molybdate on alu-
mina, cobalt molybdate promoted with nickel, and the
like. Certain transition metal sulfides such as cobalt and
molybdenum sulfides and mixtures thereof have also
been employed in hydrofining processes for upgrading
oils which contain sulfur and nitrogen compounds. For
example, U.S. Pat. No. 2,914,462 discloses the use of
molybdenum sulfide for hydrodesulfurizing gas oil and
U.S. Pat. No. 3,148,135 discloses the use of molydenum
sulfide for hydrorefining sulfur and nitrogen-containing
hydrocarbon oils. U.S. Pat. No. 2,715,603 discloses the
use of molybdenum sulfide as a catalyst for the hydro-
genation of heavy oils, while U.S. Pat. No. 3,074,783
discloses the use of molybdenum sulfides for producing
sulfur-free hydrogen and carbon dioxide, wherein the
molybdenum sulfide converts carbonyl sulfide to hy-
drogen sulfide. A serious disadvantage associated with
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the use of such catalysts is their relatively ligh cost, and
the supply of catalytic metals is rather limited. More-

“over, the reaction rates of such catalysts are relatively

slow, particularly in the presence of nitrogen; and hy-
drogen consumption is quite high. These latter prob-
lems are particularly oppressive when it is realized that
new generation feeds are unusually high in nitrogen, or
sulfur, or both, and the cost of hydrogen is increasing at
very high rates.

Molybdenum sulfide is also known to be useful for
water gas shift and methanation reactions, as well as for
catalyzed hydrotreating operations. Recently, e.g., it
was disclosed in U.S. Pat. Nos. 4,243,553 and 4,243,554
that molybdenum disulfide catalysts of relatively high
surface area can be obtained by thermally decomposing
selected thiomolybdate salts at temperatures ranging
from 300°-800° C. in the presence of essentially inert,
oxygen-free atmospheres, e.g., atmospheres of reduced
pressure, or atmospheres consisting of argon, nitrogen,
and hydrogen, or mixtures thereof. In accordance with
the former, a substituted ammonium thiomolybdate salt
is thermally decomposed at a very slow heating rate of
from about 0.5° to 20 C./min, and in accordance with
the latter an ammonium thiomolybdate salt is decom-
posed at a rate in excess of 15° C. per minute to form the
high sulface area molybdenum disulfide.

There remains a need in the art for new, 1mproved
hydrotreating catalysts, especially hydrotreating cata-
lysts which are more highly active, selective, and stable.

It is accordingly a primary objective of the present :

invention to provide this need, particularly by provid-
ing new and improved hydrotreating catalysts, a pro-
cess for the preparation of these catalysts, and process
for the use of these catalysts in conducting hydrotreat-
ing reactions.

A particular object is to provide novel hydrogen
efficient hydrotreating catalysts which are especially
active for the hydrodesulfurization, or hydrodeni-
trogenation, or both, of hydrocarbon feedstocks which
contain relatively high concentrations of sulfur, or ni-
trogen, or both; as well as a process for the use of such
catalysts in conducting such reactions.

A further, and more particular object is to provide
novel hydrotreating catalysts of such character which
are highly selective for conducting hydrodesulfuriza-
tion, or hydrodenitrogenation reactions, or both; as well
as a process for the use of such catalysts in conducting
such reactions.

A yet further, and more specific object is to provide
novel methanation catalysts, a process for the prepara-
tion of such catalysts, and a process for the use of such
catalysts in conducting methanation reactions.

DESCRIPTION OF THE DRAWING

The drawing is a graph of the hydrogen consumption
and nitrogen contained in the product.

DESCRIPTION OF THE INVENTION

These and other objects are achieved in accordance
with the present invention embodying catalysts, and
process for producing such supported carbon-contain-
ing molybdenum and tungsten sulfide hydrotreating
catalysts, both promoted and unpromoted species,
which have admirably high activity, selectivity, and
stability especially in conducting hydrodesulfurization
and hydrodenitrogenation reactions at high levels of
hydrogen efficiency with various sulfur and nitrogen
containing hydrocarbon feeds. In accordance there-
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with, a supported carbon-containing molybdenum sul-
fide and tungsten sulfide hydrotreating catalyst is
formed by compositing a preselected quantity of a po-
rous, refractory inorganic oxide with a complex salt
characterized by the formula

BIMO,S;_,]

where B is an organo or hydrocarbyl substituted diam-
monium ion, an organo or hydrocarbyl substituted am-
monium ion or quaternary ammonium ion, or an ionic
form of a cyclic amine containing one or more basic N
atoms, X is 1 where B is an organo or hydrocarbyl sub-
stituted diammonium ion, or 2 where B is an organo or
hydrocarbyl substituted ammonium or quaternary am-
monium ion or an ionic form of a cyclic amine contain-
ing one or more basic N atoms, M is molybdenum or
tungsten, and y is 0, or a fraction or whole number
ranging up to 3, and heat decomposing the salt of said

‘catalyst precursor composite in the presence of hydro-

gen and hydrogen sulfide to form said supported car-
bon-containing-molybdenum sulfide or tungsten sulfide
hydrotreating catalyst. Suitably, a solution of the salt,
or admixture of salts, is incorporated with a preselected
quantity of a porous, refractory inorganic oxide sup-

‘port, preferably a particulate mass of said support, the

salt-containing support then preferably dried to remove
all or a portion of the solvent from the support, and the
dried particulate salt-containing support then heated in
the presence of hydrogen and hydrogen sulfide to the
decomposition temperature of said salt, or salts, to form

‘the catalyst species of this invention. Suitably, sufficient

of the salt, or salts, is incorporated on the support so
that prior to, or at the time the salt, or salts, is decom-
posed from about 5 percent to about 30 percent, prefera-
bly from about 10 percent to about 25 percent of the
salt, expressed as weight MoO3 or WO3 on an ignition
loss free basis, will be present on the support. The sup-
ported catalyst species is stable, highly active and selec-
tive as a hydrotreating catalyst. The hydrotreating ca-
pacity of such catalysts in a preferred embodiment can
be further promoted, and transformed into a yet more
effective hydrotreating catalyst by the further incorpo-
ration therewith of a Group VIII metal or admixture of
such metals, of the Periodic Table of the Elements (E.
H. Sargent & Co., Copyright 1962, Dyne-Slide Co.).

The precise nature, and composition of the catalyst
species that is formed as a reaction product of the de-
composition reaction is not known, but it is believed
that a catalyst species having the general formula
MS;_.C, wherein M is molybdenum or tungsten, and
z and z' are the same or different and range from about
0.01 to about 0.5, is formed, and supported upon the
porous, refractory inorganic oxide base. The surface
composition, or composition deposited on the surface of
the suppport, is thus believed to correspond generally
with the unsupported catalyst species defined in Appli-
cation Ser. Nos. 399,999 and 399,991, each jointly filed
by Theresa R. Pecoraro and Russel R. Chianelli, and
Russel R. Chianelli and Theresa R. Pecoraro, respec-
tively, of even date herewith; the disclosures of which
are herewith incorporated by reference.

The catalyst species of Pecoraro and Chianelli are,
like those of Applicants, defined as carbon-containing
molybdenum and tungsten sulfides, useful for hydrore-
fining hydrocarbon feedstocks, and these basic materi-
als can be promoted with transition metal sulfides such
as cobalt sulfide. These catalyst species are preformed,
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or formed in-situ, by contacting a hydrocarbon feed at
elevated temperature with one or more catalyst precur-
sors selected from the group counsisting of (a) ammo-
nium thiomolybdate or thiotungstate salts, (b) ammo-
nium molybdate or tungstate salts, (c) substituted am-
monium thiomolybdate or thiotungstate salts, (d) substi-
tuted ammonium molybdate or tungstate salts, and mix-
tures thereof. Unlike Applicants’ catalyst species, how-
ever, the catalyst species of Pecoraro and Chianelli are
unsupported, bulk catalysts. They thus differ from the
supported carbon-containing molybdenum and tung-
sten catalyst species defined herein; and differ substan-
tially, inter alia, in that the catalyst species of the pres-
ent invention achieves superior utilization of the cata-
lytic metals present on the catalyst, and better hydrogen
utilization.

A starting material for use in the preparation of the
catalyst of this invention can, as suggested, be charac-
terized as an organo or hydrocarbyl diammonium ion
substituted, an ammonium or quaternary ammonium ion
substituted, or an ionic form of a basic cyclic amine
substituted thiomolybdate, or thiotungstate, salt having
the formula Bx{MO,S4_,], supra. In such formula B is
thus an organo or hydrocarbyl substituted diammonium
ion, an organo or hydrocarbyl substituted ammonium
ion or quaternary ammonium ion, or an ionic form of a
cyclic amine containing one or more basic N atoms, x is
1 where B is an organo or hydrocarbyl substituted di-
ammonium ion, or 2 where B is a substituted ammonium
or quaternary ammonium ion, or an ionic form of a
cyclic amine containing one or more basic N atoms, M
is molybdenum or tungsten, preferably molybdenum,
and y is 0, or a fraction or whole number ranging up to
3. Preferably y ranges from 0 to 0.5. In the formula the
B moiety, or moieties, constitutes a cationic entity, or
entities, which forms a complex with an anionic
[MO,S4...y}2— moity. An organo, or hydrocarbyl diam-
monium ion moiety thus provides two positive charges
in formation of a Bx[MO,S4_,] salt. On the other hand,
two of the substituted ammonium or quaternary ammo-
nium ions, or anionic form of a cyclic amine which
contains one or more basic N atoms complex with an
anionic [MO,S4_;]>~ moiety. The substituent amino
groups of the organo, substituted diammonium ion, or
substituted ammonium ion, where B is a substituted
diammonium ion or substituted ammonium ion, can be
characterized as primary, secondary or tertiary, in that
the hydrogen atoms of one or both of the substituent
amino groups of B can be substituted or unsubstituted as
with an organo, a hydrocarbyl radical or hydrocarbon
radical selected from the group consisting of alkyl,
aratkyl, cycloalkyl, aryl, alkaryl, alkenyl, and alkynyl,
preferably alkyl or aryl, and including such radicals
when inertly substituted. Such radical can thus be exem-
plified by hydrocarbon groups which contain from
about one to about 30 carbon atoms, preferably from
about one to about 20 carbon atoms. When the hydro-
carbyl, or hydrocarbon radical is alkyl, it can typically
be methyl, ethyl, n-propyl, iso-propyl, n-butyl, i-butyl,
sec-butyl, amyl, octyl, decyl, octadecyl, and the like.
When it is aralkyl it can typically be benzyl, beta-
phenylethyl, and the.like. When it is cycloalkyl, it can
typically be cyclopentyl, cyclohexyl, cycloheptyl, cy-
clooctyl, 2-methyl-cycloheptyl, 3-butyl cyclohexyl,
3-methyl cyclohexyl, and the like. When it is aryl, it can
typically be phenyl, ethylphenyl, and the like. When
alkaryl, it can typically be tolyl, xylyl, and the like.
When alkenyl, it can typically be vinyl, allyl, 1-butenyl,
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and the like. When it is alkynyl, it can typically be ethy-
nyl, propynyl, butynyl, and the like. The hydrocarbyl,
or hydrocarbon radical can be inertly substituted, i.e., it
may bear a non-reactive substituent such as alkyl, aryl,
cycloalkyl, ether, halogen, nitro, and the like. Typically
inertly substituted groups may include 3-chloropropyl,
2-ethoxyethyl, 4-methyl cyclohexyl, p-chlorophenyl,
p-chloro benzyl, 3-chloro-5-methylphenyl, and the like,

Exemplary of B, i.e., where B is a diammonium ion
substitutient of such salts, are the ionic forms of ali-
phatic diamines; e.g., alkyl diamines such as those de-
rived from straight chain hydrocarbons which contain
an amino group on two different carbon atoms, as on
each terminal carbon atom, i.e., HoN(CH3),NH;, where
n ranges from 1 to about 30, preferably from 1 to about
20, illustrative of which are methyl diamines, ethylene
diamines, n-propyl diamines, hexyl diamines, decyl di-
amines, dodecyl diamine, and the like, and including
aliphatic diamines which contain amino groups on adja-
cent carbon atoms such as 1,2 bis(amino)-n-butane, or
those which contain amino groups on separated carbon
atoms such as 1,3 bis(amino)-n-butane, or the like; cyclic
diamines, e.g., aromatic diamines, such as those which
contain two primary amino groups attached to a fused
or non-fused ring structure, e.g., p-diamino benzene,
phloroglucinol, o-diamino naphthalene, p-phenylene-
diamines, and the like. Suitable salts formed from such
substitutients are thus exemplified by

[H3NC3H¢NH;3][MoOg.583.5];

[H3NCsH12NH3][M0Og.383.7];

[H3NCsH6NH;3][WOp,sS3.5}; ,

[CH3;CHNH3CHNH;C,H5}{M000.4S3.6];

[CH3CHNH;3;CH;CHNH3C3H7][M00Qg 5S3.5];

[CH,CHNH3;CH,CHNH;3C3H7][MoSs);
and the like.

The B moieties of the substituted ammonium thi-
omolybdate, or thiotungstate salt can, as suggested, also
be constituted of ammonium ions wherein one or more
of the hydrogen atoms of the ions have been replaced
by an organo, hydrocarbyl or hydrocarbon radical,
selected from the group comnsisting of alkyl, aralkyl,
cycloalkyl, aryl, alkaryl, alkenyl and alkynyl, including
such radicals when inertly substituted. The hydrocar-
bon moiety is exemplified by hydrocarbon groups
which contain from 1 to about 30 carbon atoms, prefera-
bly from about one to about 20 carbon atoms. Exem-
plary of substituents associated with, or substituted
upon the ammonium or quaternary ammonium ion to
form each of the two B constituents of the salt are,
when the substituent is alkyl, methyl, ethyl, n-propyl,
iso-propyl, n-butyl, i-butyl, sec-butyl, amyl, octyl,
decyl, octadecyl, and the like; when the substituent is
aralkyl, benzyl, betaphenylethyl, and the like; when the
substituent is cycloalkyl, cyclopentyl, cyclohexyl, cy-
cloheptyl, cyclooctyl, 2-methylcycloheptyl, 3-butyl
cyclohexyl, 3-methyl cyclohexyl, and the like; when the
substituent is aryl, phenyl, ethylphenyl, and the like;
when the substituent is alkaryl, tolyl, xylyl, and the like;
when the substituent is alkenyl, vinyl, allyl, 1-butenyl,
and the like; when the substituent is alkynyl, ethynyl,
propynyl, butynyl, and the like. The substituent, as

;suggested, can be inertly substituted, i.e., it may bear a

nonreactive substitutent such as alkyl, aryl, cycloalkyl,
ether, halogen, nitro, and the like. Typically inertly

substituted groups may include 3-chloropropyl, 2-

ethoxyethyl, 4-methyl cyclohexyl, p-chlorophenyl, p-
chloro benzyl, 3-chloro-5-methylphenyl, etc. Substi-
tuted ammonium ions of such types are thus those con-
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taining one organo or hydrocarbyl group, e.g., n-
C4HoNH;3+, C¢HsNH3+, and the like, those containing
two organo or hydrocarbyl groups, e.g., (C2Hs)NH; +,
(CeHs)aNHyt, and the like, those containing three or-
gano or hydrocarbyl groups, e.g., n-(C¢Hjz)sNHT,
(CeHs)sNH+, and the like; and those containing four
organo or hydrocarbyl groups, e.g., (CsHsCHa)4N+,
(CeHs)aN*, and the like. Suitable salts useful in the
practice of this invention are thus exemplified by

H3NC¢H4NH3{MoOg283.8];

{(C2Hs5)NH;3 1 ]2[M0O0.483 6];

[(CeHs)NH, ]2 [M0Og.453.6);

[(CeHs)NH ]2 [M0Oqg.1S3.9];

[(CeH13)sNH+]; [M0Og283.8];

H(CeH5)aN*]z [M0Oq.183,9];

[(CeH13)sN+]; [MoSa]; [(CsHs)aN+1p [WS4];
and the like.

The B moieties of the catalyst precursor salt can, as
suggested, also be constituted on an ionic form of a
cyclic amine which contains one or more basic nitrogen
atoms within the ring, generally from one to about three
basic atoms in the total molecule. This class of com-
pounds can be constituted of rings having 5, 6, or more
members, and can be monocyclic or polycyclic, fused
or non-fused rings, non-substituted or inertly substi-
tuted, which contain from one to about 3 basic nitrogen
atoms in the total molecule. Exemplary of ionic forms
of cyclic amines of this character are the ionic forms of
such monocyclic five membered rings as pyrrole, iso-
pyrrole, pyrazole, 2-isoimidazole, 1,2,3-triazole and the
like; such monocyclic six membered rings as pyridine,
pyridazine, pyrimidine, pyrazine, s-triazine and the like;
and such fused ring, polyclic structures as indole, 1,5-
pyrindine, quinoline, naphthyridine, purine, acridine
and the like. Suitable salts useful in the practice of this
invention are thus exemplified by

[CsHsNH], [MoOu.583.5]; [CaHeN2H]2 [M0Og.583,51;

[C4H4N2H]2[WO0.483 6]; [C3H3N3H]L[M0O0,283 5;

[CsHNoH]s [M000.4S3.6]; [C13H13NH]s [MoS4]
and the like.

The organo or hydrocarby! diammonium ion substi-
tuted, ammonium or quaternary ammonium ion substi-
tuted, or ionic form of a basic cyclic amine substituted
thiomolybdate, or thiotungstate, salt is preferably im-
pregnated upon a porous, refractory, inorganic oxide
support, suitably by first dispersing or dissolving said
salt, or admixture of salts, in a suitable solvent, and then
admixing or slurrying a preselected amount of the pre-
cursor thiomolybdate, or thiotungstate, salt solution
with a preselected quantity of said support material in
particulate form. Virtwally, any solvent can be em-
ployed which is capable of dissolving the precursor
thiomolybdate or thiotungstate salt, without adversely
reacting therewith. Albeit, an aqueous solvent can be
employed, non aqueous solvents are preferred because
few of the organo or hydrocarbyl diammonium ion
substituted, ammonium or quaternary ammonium ion
substituted, or ionic form of basic cyclic amine substi-
tuted thiomolybdate, or thiotungstate, salts are ade-
quately soluble in water. Suitable solvents for dissolving
these salts are alcohols, ethers, ketones, paraffins, cyclo-
paraffins and aromatic hydrocarbons, exemplary of
which are methyl alcohol, ethyi alcohol, n-propyl alco-
hol, isopropyl alcohol, n-butyl alcohol, isobutyl alco-
hol, sec-butyl alcohol, t-buty! alcohol, ethyl ether, tetra-
hydrofuran, acetone, methy! ethyl ketone, hexane, hep-
tane, cyclobutane, aromatic hydrocarbons, notably
those having a single benzene nucleus, especially aro-

15

20

25

30

35

40

45

50

55

60

65

8

matic hydrocarbons containing from about 6 to about 9
carbon atoms, e.g., benzene, toluene, xylene, n-propyl
benzene, isopropyl benzene, and the like; and cyclopar-
affin hydrocarbons which contain from about 4 to about
9 carbon atoms, e.g., cyclobutane, cyclopentane, cyclo-
hexane, cycloheptane, and the like. Preferred solvents
are alcohols, especially the low molecular weight sim-
ple alcohols, e.g., methyl alcohol, ethyl alcohol and the
like; amines, e.g., butyl amine, ethylenediamine and the
like; and ketones, e.g., acetone, methylethyl ketone, and
the like.

The organo or hydrocarbyl diammonium ion substi-
tuted, ammonium or quanternary ammonium ion substi-
tuted, or ionic form of a basic cyclic amine substituted
thiomolybdate, or thiotungstate, salt is composited or
otherwise intimately associated with the porous, inor-
ganic oxide support by various techniques known to the
art, such as coprecipitation, impregnation or the like.
The composite is preferably formed from a solution of
the desired salt, or salts by impregnation of the support,
typically via an “incipient wetness” technique which
requires a minimum of solution so that the total solution
with the preselected desired amount of the catalyst
precursor salt is adsorbed, initially or after some evapo-
ration. Typically, a particulate porous refractory inor-
ganic oxide, notably alumina, in the form of beads, pills,
pellets, seived particles, extrudates, or the like in dry or
solvated state is contacted with a solution of the salt, or
admixture of the salts, with the result that-the salt solu-
tion is adsorbed into the particulate material in the de-
sired amount. The salt-containing particulate material
can thereafter be heated and dried at low temperature,
with or without vacuum assistance, e.g., at temperatures
ranging at or below the boiling temperature of the sol-
vent.

The preferred support is alumina, and the composite
support can contain for example, one or more of alu-
mina, bentonite, clay, diatomaceous earth, zeolite, silica,
activated carbon, magnesia, zirconia, thoria, titania and
the like, these latter with alumina, usually in a range of
about 1 to 20 percent, based on the weight of the sup-
port. A preferred support for the practice of the present
invention is one having a surface area of more than 50
m2/g, preferably from about 100 to about 300 m2/g, a
bulk density of about 0.3 to 1.0 g/ml, preferably about
0.4 to 0.8 g/ml, an average pore volume of about 0.2 to
1.1 ml/g, preferably about 0.3 to 0.8 ml/g, and an aver-
age pore diameter of about 30 to 300 A.

The catalyst precursor material, or material formed
by impregnation of the support with the organo or
hydrocarbyl diammonium ion substituted, substituted
ammonium or quaternary ammonium ion, or ionic form
of a base cyclic amine salt is preferably dried to remove
all or a portion of the solvent, but it is never calcined
after the salt is added to the support. The support is
preferably dried at a temperature below about 100° C.,
more preferably between about 50° C. and 80° C., in the
presence of nitrogen or oxygen, or both, at static or
dynamic conditions, in air or under vacuum. The cata-
lyst precursor material, on a dry basis, contains from
about 5 percent to about 30 percent, preferably from
about 10 percent to about 25 percent of the undecom-
posed organo or hydrocarbyl diammonium ion substi-
tuted, ammonium or quaternary ammonium ion substi-
tuted, or ionic form of a basic cyclic amine substituted
thiomolybdate, or thiotungstate, salt, expressed as
weight MoOj3; or WOj; on an ignition loss free basis.
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The catalyst precursor is heated to the decomposition
temperature of the impregnating salt, and the salt de-
composed in the presence of hydrogen, and hydrogen
sulfide. to form the supported catalyst species of this
invention. The hydrogen required for forming the cata-
lysts of this invention may be pure hydrogen, an admix-
ture of gases rich in hydrogen or a compound which
will generate in situ hydrogen, e.g.. a hydrogen-bearing
gas such as hydrogen sulfide, or a hydrogen donor
solvent. The hydrogen sulfide can likewise be added as
an essentially pure gas, as a gas which contains hydro-
gen sulfide; or the hydrogen sulfide can be generated in
situ from a sulfur-containing compound, e.g., a sulfur
dioxide, carbon disulfide or thiocarbamide. Suitably,
the -catalyst precursor composition is heated, and the
salt portion thereof decomposed in a hydrogen atmo-
sphere which contains from about 0.5 percent to about
50 percent, preferably from about 5 percent to about 20
percent hiydrogen sulfide, based on the total volume of
gas.

In decomposing the catalyst precursor, a bed of the
dried catalyst precursor is contacted in a hydrogen
sulfide/hydrogen atmosphere and heated at conditions
which decompose the diammonium ion substituted,
ammonium Or quaternary ammonium ion substituted, or
ionic form of a basic cyclic ‘amine substituted thi-
omolybdate, or thiotungstate, salt component of said
catalyst precursor. For example, a fixed bed of the dried
catalyst precursor is charged into a reaction vessel and
contacted with the gaseous hydrogen sulfide/hydrogen
admixture at temperature sufficient to thermally decom-
pose the salt portion of the catalyst precursor compos-
ite, such temperature generally ranging from about 150°
C. to about 400° C., or more often from about 200° C. to
about 370° C,, a flow rate of hydrogen sulfide/hydro-
gen ranging from about 50 to about 5000 V/H/V, pref-
erably from about 100 to about 1000 V/H/V, and at
pressures ranging from about 0 to about 2000 pounds
per square inch gauge (psig), preferably 0 to about 200
psig. Thereafter the feed hydrocarbon, or admixture of
liquid hydrocarbons, can be introduced to initiate the
hydrotreating operation, the feed being introduced gen-
erally at a flow rate of hydrocarbon:catalyst at from
about 0.05 to about 50, preferably from about 0.1 to
about 10, volumes of hydrocarbon per volume of cata-
lyst per hour, a flow rate of hydrogen ranging from
about 250 to about 5000 SCF/B, preferably from
about500 SCF to about 3000 SCF/B, and at pressures
ranging from about 50 to about 4000 psig, preferably
from about 2500 psig. Typically the hydrocarbon is
introduced downflow, but can be introduced upflow or
downflow over the bed of catalyst. The temperature of
the reaction if necessary after formation of the catalyst
is gradually raised after the decomposition temperature
of the organo or hydrocarbyl diammonium ion substi-
tuted, ammonium or quaternary ammonium ion substi-
tuted, or ionic form of a basic cyclic amine substituted
thiomolybdate, or thiotungstate, salt component is
reached.

In the preparation of the catalysts of this invention,
the salts of the catalyst precursor composite are decom-
posed in an atmosphere of hydrogen sulfide and hydro-
gen at temperatures ranging between about 150° C. and
40" C., and more generally between about 200° C. and
370" C. which temperatures correspond generally with,
or are exceeded hy hydrotreating temperatures. Where,
however, the decompaosition temperature of the catalyst
precursor is lower than the desired hydrotreating tem-
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perature, the temperature in conducting the hydrotreat-
ing process is raised to that which is desired for con-
ducting the hydrotreating operation. In a typical opera-
tion, sulfiding conditions are provided, and the tempera-
ture is gradually raised to the decomposition tempera-
ture of the catalyst precursor, the catalyst precursor is
decomposed in the presence of the hydrogen sulfide and
hydrogen to form the catalytically active species, and
the temperature then further increased as desired to
conduct the hydrotreating operation. Hydrotreating
conditions vary considerably depending on the nature
of the hydrocarbon being hydrogenated, the nature of
the impurities or contaminants to be reacted or re-
moved, and, inter alia, the extent of conversion desired,
if any. In general however, the following are typical
conditions for hydrotreating a naphtha boiling within a
range of from about 25° C. to about 210° C., a diesel fuel

‘boiling within a range of from about 170° C. to 350° C.,

a heavy gas oil boiling within a range of from about 325°
C. to about 475° C., or residuum containing from about
10 percent to about 50 percent of a material boiling
above about 575° C.

Space Hydrogen

Temp., Pressure  Velocity Gas Rate
Feed °C. psig V/V/Hr SCF/B
Naptha Typ- 100-370 150-800 0.5-10 100-2000
ical
Pre- 150-260 250-400 2-6 500-1500
ferred
Diesel Typ- 200-400  250-1500 0.5-4 500-6000
Fuel ical
Pre- 260-340 00-1000 1-2 1000--2000
ferred
Heavy Typ- 160-430 250-2500 0.3-2 1000-6000
Gas ical
QOil Pre- 320-385  600-1250 0.5-1 1500-4000
ferred
Re- Typ- 340-450  1000-5000 0.1-1 2000-10,000
siduum ical
Pre- 360-400 1250-2000 0.25-0.5 4000-6000
ferred

The catalyst of this invention can be promoted to
further dramatically increase the activity of the finished
catalyst by the further addition of a Group VIII metal
of the Periodic Table of the Elements (E. H. Sargent &
Co., Copyright 1962, Dyna-Slide Co.), which metal can
be added to the refractory porous inorganic oxide, or
alumina, support prior to, simultaneously with, or sub-
sequent to the decomposition of the organo or hydro-
carbyl diammonium ion substituted, ammonium or qua-
ternary ammonium ion substituted, or ionic form of a
basic cyclic amine substituted thiomolybdate, or thi-
otungstate, salt on treatment of the catalyst precursor in
the presence of hydrogen sulfide and hydrogen. Suit-
ably such metal promoter, or metal promoters, particu-
larly iron, cobalt and nickel, alone or in admixture one
metal with another, is incorporated with the support,
notably alumina, as via cogellation or impregnation
prior to incorporation of the organo or hydrocarbyl
diammonium ion substituted, ammonium or quaternary
ammonium ion substituted, or ionic form of a basic
cyclic amine substituted thiomolybdate, or thiotung-
state, salt with the dried, calcined support. Preferably,
the metal promoter, or metal promoters, is added to the
catalyst after the organo or hydrocarbyl diammonium
ion substituted, ammonium or quaternary ammonium
ion substituted, or ionic form of a basic cyclic amine
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substituted thiomolybdate, or thiotungstate, salt im-
pregnated upon the support has been treated, and de-
composed.

The Group VIII metal components, admixed one
component with another or with a third or greater
number of metal components, can be composited or
intimately associated with the porous inorganic oxide
support by impregnation of the support with metals,
e.g., with the alumina, by an “incipient wetness” tech-
nique, or technique wherein a metal, or metals is con-
tained in a solution, preferably water or alcohol, in
measured amount and the entire solution is absorbed
into the support and subsequently dried, and calcined if
desired, to form the catalyst. The volume amount of
solution to be employed in such recipe is separately
determined by measuring the amount of solvent re-
quired to wet a known weight of saupport to the point
where some liquid bridging between particles or some
miniscus formation between particles and container
walls just becomes evident. This ratio of volume of
solution to weight of support is then used proportion-
ally to calculate the volume of solution containing cata-
lytic metals to be used in the incipient wetness impreg-
nation. Impregnation by adsorption of the metals froin
dilute solution onto the support can also be used but this
method is more appropriate for low concentrations,
e.g., from about 0.01 to about 1.0 percent of catalytic
metals desired, and it is less preferable for use in the
higher metals concentration ranges. The metal impreg-
nated support, after impregnation, is dried, e.g., at tem-
peratures ranging from about 20° C. to about . 150°-C.,
preferably at ambient temperatures, e.g., from about 20°
to about 30° C., until free ﬂowmg and then from about
80° C. to about 110° C. as in a circulating air, vacuum
oven, microwave oven, or the like.

The following examples, with comparative demon-
strations, are further exemplary of the highly active,
highly selective catalysts of this invention for use in
hydrotreating, especially hydrodesulfurization (HDS)
or hydrodenitrogenation (HDN), or both. In the exam-
ples and demonstrations which follow, all parts are’in
terms of weight units, pressures in terms of pounds per
square inch gauge, temperatures are expressed in terms
of degrees Centigrade, gas flow rates in terms of
SCF/Bb], and liquid flow rates in terms of LHSV ex-
cept as otherwise specified.

EXAMPLE 1

This example demonstrates the advantages of cata-
lysts prepared by the process of this invention, i.e., by
decomposing  the supported complex  salt,
B,x[MOyS4_,), in the presence of hydrogen sulfide and
hydrogen to produce a catalyst of high hydrodeni-
trogenation activity, and acceptable hydrodesulfuriza-
tion activity. The hydrodenitrogenation and hydrode-
sulfurization activity of this catalyst is. compared with
one produced according to the method disclosed and
claimed in our copending Application Ser. No. 400,004,
filed of even date herewith, and with a commercially
available hydrodesulfurization catalyst.

A solution was prepared by dlssolvmg 38.628 g of
tetrabutylammomum thiomolybdate in enough metha-
nol to give 80 ml of solution. Analysis of the tet-
rabutylammonium thiomolybdate indicated that it had
the approximate formula ((C4H9)aN)2(M00g.2S3.8).1.7-
H;0. A 50 ml portion of this solution was used to im-
pregnate to incipient wetness 50 g of gamma alumina,
which had 265.7 m2/g surface area and 0.750 ml/g pore
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volume, and which had been ground and screened to
14/35 Tyler mesh and calcined 4 hours at 540° C. before
impregnation. The alumina was dried overnight in a
vacuum desiccator, then impregnated with the remain-
ing 30 ml of solution and dried for 5 hours in a vacuum
desiccator. The 88.3 g of impregnated alumina so pre-
pared contained 13.29 weight percent MoOj3 on an igni-
tion-loss free basis (ignition loss=238.6%).

Two catalysts, designated A and B, were prepared
from this same batch of impregnated alumina. Catalyst
A was prepared by decomposing the catalyst precursor
composite in an atmosphere of hydrogen, hydrocarbon
and sulfur as disclosed and claimed in Application Ser.
No. 400,004, supra, whereas Catalyst B, the catalyst of
this invention, was prepared by decomposing the cata-
lyst precursor composite in the presence of hydrogen

‘and hydrogen sulfide.

In the preparation of catalyst A, 28.0 g (35 ml) of the
impregnated alumina was thermally decomposed in a
fixed bed reactor by (1) heating under 500 psig of H; to
200° C., (2) establishing a liquid feed flow of 0.825
LHSV with a blend of 5% dibenzothiophene (DBT)
dissolved in decalin and a gas flow of 900 SCF/B with
100% Hy, still at 500 psig, (3) holding 4.5 hours at 200°
C., and then (4) heating to 330° C. and holding for 16
hours. The reactor was cooled under hydrogen and
discharged in an inert atmosphere, yielding 19.77 g of
solids :material: The solids material was promoted by
impregnating in -an inert atmosphere with 2.54 g of
cobalt nitrate, dissolved in enough acetone to give 16 ml
of solution, and drying overnight in a vacuum desicca-
tor. ‘The finished Catalyst A contained 3.73 weight
percent CoO and 14.01 weight percent MoO3, on an
ignition-loss free basis (ignition loss=19.5%), and had
183 m?/g surface area and 0.425 ml/g pore volume.

" In the preparation of Catalyst B, the catalyst of this
invention, 24.2 g (30 ml) of the impregnated alumina
was thermally decomposed in a fixed bed reactor by (1)
establishing a flow of 15.0 std liters/hr of nitrogen at
room temperature and atmospheric pressure, (2) heating
to 200° C., (3) switching to a flow of 15.0 std liters/hr of
10 vol.% hydrogen sulfide in hydrogen, at atmospheric
pressure, (4) holding at 200° C. for 2 hours, and the (5)
heating to 327° C. and holding for 16 hours. The reactor
was cooled under nitrogen and discharged in an inert
atmosphere yielding 17.6 g of solids material. The solids
material was promoted by impregnating in an inert
atmosphere with 2.18 g of cobalt nitrate, dissolved in
enough acetone to give 14 ml of solution, and drying
overnight in a vacuum desiccator. The finished Catalyst
B contained 4.24 weight percent CoO and 13.63 weight
percent MoO3, on an ignition-loss free basis: (ignition
loss=15.8%). The catalyst also contained 2.31 wt. %
carbon and 5.70 wt. % sulfur, and had 188 m2/g surface
area and 0.492 ml/g pore volume. ‘

The catalytic activity of Catalyst A and B were mea-

“sured in a side-by-side hydrotreating test, along with a

conventional, commercially available cobalt molybde-
num catalyst, designated “X”. The conventional cata-
lyst contained 3.22 weight percent CoO and 12.81
weight percent MoO3, and had 239 m2/g surface area
and 0.471 ml/g pore volume. The test feedstock was a
Baton Rouge light catalytic cycle oil (ILCCO) desig-
nated FS-4754. Inspections on this feedstock are given
in Table L
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TABLE I
Feedstock Inspections
Feedstock No. FS-4574 FS§-4754 FS-5171
API Gravity 25.1 19.3 15.6
Suifur, Wt. % 1.41 1.48 1.74
Nitrogen, ppm 228 327 274
Bromine No. mg/cc 6.3 44 5:6
Carbon, wt. % 87.36 88.51 88.81
Hydrogen, wt. % 11.23 9.98 9.42
FIA Aromatics 49.0 71.0
Olefins 8.5 2.5
Saturates 42.5 27.0
Distillation
5% 448 473 465
50% 541 538 516
95% 671 634 642

Hydrotreating conditions were 330° C., 750 psig, and
1200 SCF/B of 100% H; with space velocities ranging
from 0.5 to 2.0 V/H/V. Activity was measured as the

reciprocal space velocity required to reach a given

desulfurization or denitrogenation target, and relative
activities remained constant over the entire range of
85-97% HDS and 62-98% HDN. Per gram of molybde-
num, Catalyst A had 1.47 times the desulfurization ac-
tivity and 1.81 times the denitrogenation activity of the
conventional catalyst. Catalyst B had only 0.79 times
the desulfurization activity of the conventional catalyst,
but had 1.70 times the denitrogenation activity. Catalyst
B, has a much higher HDN/HDS selectivity than either
the commercial catalyst or Catalyst A, albeit. Catalyst
A has much higher HDS activity than either catalyst B
or the conventional catalyst.

These data clearly demonstrate the advantage of
carrying out the decomposition of the catalyst precur-
sor composite in the presence of hydrogen sulfide and
hydrogen when high HDN/HDS selectivity is desired.
It also demonstrates the difference between the cata-
lysts of this invention and otherwise similar but unsup-
ported catalysts of Pecoraro and Chianelli, or Chianelli
and Pecoraro, supra, because of the selectivity in the
preparation of the catalysts.

EXAMPLE 2

A solution was prepared by dissolving 14.50 g of an
ethylenediamine salt of thiomolybdic acid in 43.5 ml of
butylamine. Analysis of the salt indicated that only one
nitrogen of each ethylenediamine moiety was proton-
ated, and that the salt had the approximate formula
(H2NC2H4NH3)2(M00Qg,5S3.5). This solution was used
to impregnate 46.9 g of the same 14/35 mesh gamma
alumina used in Example 1. The alumina was dried
overnight in a vacuum desiccator. The impregnated
alumina was then treated to decompose the thiomolyb-
date salt by heating at a rate of 4°/min to a final temper-
ature of 327° C,, in a fixed bed reactor with a flow of
10% H>S/90% hydrogen, at a flow rate of 500 volumes
of gas per volume of catalyst per hour. The reactor was
cooled under nitrogen and the product discharged in an
inert atmosphere. Of the 52.0 g of material so prepared,
50.0 g of the solids material was then impregnated with
a solution of 7.04 g of cobalt nitrate, dissolved in enough
acetone to give incipient wetness, and dried overnight
in a vacuum desiccator. This catalyst, designated C,
contained 3.49 weight percent CoO and 11.04 weight
percent MoO3, on a ignition-loss free bais (ignition
loss=11.21%). It also contained 3.00 wt. % carbon and
4.71 wt. % sulfur.
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The catalytic activity of Catalyst C was measured in
a side-by-side comparison with the same conventional
catalyst, Catalyst X, described in Example 1, treating
the feedstock FS-4574 (Table I) at 330° C., 520 psig, and
600 SCF/B. Catalyst C, like Catalyst B, showed a very
high HDN/HDS selectivity, with 0.69 times the desul-
furization activity of the conventional catalyst, and 1.27
times the denitrogenation activity.

EXAMPLE 3

A tridodecylamine salt of thiomolybdic acid was
made in the following manner. A portion, 1.88 g, of
commercial “Molybdic Acid” (Mostly an ammonium
molybdate, containing 85% MoO3) was suspended in
150 m! of water, which was saturated with hydrogen

sulfide by sparging with 1009 H;S for ten minutes. The

solution was extracted vigorously in a separatory funnel
with a second solution of 10.4 g of tridodecylamine in
150 m! of toluene. The solution was then re-saturated
and re-extracted with toluene in the same manner three
additional times. The toluene extract was dried over-
night in a vacuum oven at 60° C., washed 3 times with
hexane, and dried for 4 more hours, yielding about 5.5 g
of tridodecylamine thiomolybdate, a brown tarry mate-
rial. Chemical analyses indicated that the brown tarry
material had the approximate formula
((C12H25)3NH)(NH4)(M00O1.552.5)).

A solution of 11.1 g of this material in 150 m] of tolu-
ene was slurried with a 16.7 g portion of the same cal-
cined 14/35 mesh gamma alumina described in Example
1. The mixture was stirred under a nitrogen blanket
while the toluene slowly evaporated. The large, bulky
tridodecylamine thiomolybdate molecules were ab-
sorbed by the alumina, diffusing into the alumina
slowly, the sample having had to be re-wetted with
toluene and re-dried several times, until a piece of alu-
mina, broken open, revealed a uniform brown color
across its interior. This procedure yielded 22.6 g of
material which contained 7.01 wt. % MoO3, on an igni-
tion-loss free basis (ignition loss=19.5%).

This material was thermally decomposed in 10%
H3S/90% H,, discharged in an inert atmosphere, and
promoted with cobalt nitrate in acetone solution in the
same manner described in Example 2, except that the
maximum decomposition temperature was 370° C. The
finished catalyst, designated D, contained 2.78 wt. %
CoO and 8.25 wt. % MoO3, on an ignition-loss free
basis (ignition loss=15.2%). The finished Catalyst D
also contained 8.07 wt. % carbon and 2.56 wt. % sulfur,
and had 162 m2/g surface area and 0.426 ml/g pore
volume.

The catalytic activity of Catalyst D was measured in
the same manner as Catalyst C, at the same conditions.
Per gram of molybdenum, Catalyst D had 1.13 times the
desulfurization activity of the conventional Catalyst X
and 1.27 times its denitrogenation activity. This catalyst
has a significantly higher HDN activity than the con-
ventional Co/Mo catalyst, and showed some improve-
ment in HDN/HDS selectivity.

EXAMPLE 4

A solution was prepared by dissolving 12.32 g of
hexanediamine thiomolybdate in 30 ml of butylamine.
Analysis of the salt showed that, unlike the ethylenedi-
amine salt, both nitrogens in each hexanediamine moi-
ety were protonated. The salt had the approximate
formula (H3NCgH12NH3)(Mo00Qg.1S39). This solution
was used to impregnate 33.4 g of the same calcined
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14/35 mesh gamma alumina used in Example 1. The
alumina was dried overnight at 60° C. in a stream of
flowing nitrogen at reduced pressure, about 3-5 psia.
The alumina was then treated to decompose the thi-
omolybdate in the same manner described in Example 2.

Of the approximately 37 g of solids material so pre-
pared, 17.0 g was impregnated with a solution of 2.47 g
of cobalt nitrate dissolved in 32.3 ml of acetone, and
dried overnight in a vacuum desiccator. This catalyst,
designated E, contained 3.65 wt. % CoO and 12.9 wt.
% MoQ3, on an ignition-loss free basis (ignition
loss=18.6%). The catalyst also contained 2.97 wt. %
carbon and 4.61 sulfur, and had 186 m2g surface area
and 0.507 ml/g pore volume.

The catalyst activity of Catalyst E was measured by
hydrotreating feed FS-4574 (Table T) at 330° C.,, 750
psig, and 1200 SCF/B hydrogen. Catalyst E was com-
pared to a particularly promising conventional catalyst
designated Y, which contained 4.50 wt. % CoO, 19.5
wt. % Mo0Os3, and 3.25 wt. % phosphorus. Catalyst Y is
unusually active for denitrogenation, this being believed
due to the presence of the phosphorus. However, based
on effectiveness per gram of molybdenum, Catalyst E
had 0.92 times the desulfurization activity of Catalyst Y
and 1.14 times its denitrogenation activity. Even in this
difficult comparison, Catalyst E showed an unusually
high HDN/HDS selectivity.

EXAMPLE 5

In this example, the promoter was put onto the alu-
mina before the amine thiomolybdate compound.

A solution of 5.34 g of cobalt nitrate dissolved in 35.9
ml of water was used fo impregnate 33.4 g of the same
calcined 14/35 mesh gamma alumina described in Ex-
ample 1. The sample was allowed to stand covered at
room temperature overnight, was dried for 6 hours at
120° €., and then was calcined overnight at 540° C. The
specimen was impregnated a second time with a solu-
tion of 12.4 g of hexanediamine thiomolybdate dis-
solved in 35 ml of butylamine. Analysis of this batch of
hexanediamine thiomolybdate indicated that the speci-
men was fully sulfided and had the approzimate formula
(H3NCeH12NH3)(MeSq). '

The sample was dried overnight in a vacuum desicca-
tor. The specimen was then treated to decompose the
thiomolybdate by heating at a rate of 4°/min to a final
temperature of 327° C,, in a fixed bed reactor with a
fiow of 109% H2S/90% hydrogen, at a flow rate of 500
volumes of gas per volume of catalyst per hour. The
reactor was cooled under nitrogen and the product
discharged in an inert atmosphere to give Catalyst F.

The nominal metals contents of Catalyst F, i.e., met-
als content based on recipe rather than direct analysis,
are 3.4 wt. % CoO and 13.0 wt. % MoOs3, on an igni-
tion-loss free basis. The ignition loss was measured, and
was 16.6 wi. %. The catalyst also contained 4.01 wt. %
carbon and 6.83 wt. % sulfur.

The catalytic activity of Catalyst F was measured in
a run identical to thai conducted with Catalyst E, and
compared against the same phosphorous-containing
conventiona! Catalyst Y. Putting on the promoter be-
fore the thicmolybdate via-a-vis putting the thiomolyb-
date on the support before the promoter it was shown
had little effect, in changing catalytic activity. Per gram
of molybodenum, Catalysi F had 0.98 times the desul-
furization activity of Catalyst Y, and 1.15 times its deni-
trogenation activity.
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EXAMPLE 6

Examples 4 and 5 were repeated, except that this
instance the promoter was impregnated after the amine
thiomolybdate was put onto the alumina, but before the
thiomolybdate was thermally decomposed. This slight
change in the method of preparing the catalyst, it will
be observed, had a major effect on catalytic selectivity.

A solution was prepared by dissolving 50.0 g of hex-
anediamine thiomolybdate in 165 ml of butylamine.
Analysis of this particular batch of hexanediamine thi-
omolybdate indicated that it, like the batch used in
Example §, was fully sulfided and had the approximate
formula (H3NCeHjpNH3)MoSs). The solution was
filtered, and 95 ml of the filtrate was used to impregnate
90.2 g of the calcined 14/35 mesh gamma alumina. This
alumina was very similar to the alumina described in
Example 1, and had 255 m%/g surface area and 0.684
ml/g pore volume. The alumina was dried overnight at
45° C. under flowing nitrogen at reduced pressure,
about 3-5 psia, then impregnated with the remaining
butylamine solution and again dried overnight at the
same conditions.

The 146.9 g of solids material so prepared was im-
pregnated with a second solution, made by dissolving
15.8 g of cobalt nitrate in enough acetone to give 45 ml
of solution. The impregnated alumina was again dried
overnight at the same conditions to give 161.2 g of
catalyst, designated G. The finished Catalyst G con-
tained 3.83 wt. % CoO and 17.4 wt. % MoOs3, on an
ignition-loss free basis (ignition loss=30.09%). Catalyst
G also contained 11.37 wt. % carbon and 11.18 wt. %
sulfur, and had 40.6 m2/g surface area and 0.158 ml/g
pore volume. : :

The catalyst precursor was thermally decomposed in
the same fixed bed reactor in which the activity test was
carried out. Prior to the activity test, a flow of 500
V/H/V of 10% H;S in hydrogen was established, at
atmospheric pressure and room temperature. The tem-
perature was increased to 200° C. at about 1.5°/min,
held at 200° C. for 2 hours, then increased to 330° C. at
about 1°/min and held at 330° C. for 16 hours. The
reactor was then cooled to 325° C. and pressurized with
hydrogen. Treat gas and liquid feed flows to the reactor
were established. Thest conditions were 325° C., 750
psig, and 1500 SCF/B, to hydrotreat the FS:4754 feed-
stock. Because of the higher metals content of Catalyst
G, the comparison was made against a third conven-
tional catalyst, designated Z, which contained 4.08 wt.
% CoQ and 15.86 wt. % MoQs. Catalyst Z had 235
m?/g surface area and 0.480 ml/g pore volume. Catalyst
Z typically shows somewhat higher activity, but very
similar selectivity patterns, as the first conventional
catalyst, X.

In this test, Catalyst G had 0.83 times the denitrogen-
ation activity of Catalyst Z. The overall activity is
somewhat low, but the HDN/HDS selectivity is more
than 9 times that of a conventional hydrotreating cata-
lyst. The desulfurization activity is only 0.09 times that
of a conventional hydrotreating catalyst.

EXAMPLE 7

Conventional sulfided molybdenum hydrotreating
catalysts are often promoted with nickel instead of co-
balt, and this frequently increases the HDN/HDS selec-
tivity. In this example, a direct comparison is made of
the effects of nickel vs. cobalt promotion for the cata-
lysts of this invention. It is shown that the catalysts of
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this invention have high selectivity for nitrogen re-
moval, not only by comparison to sulfur removal, but
also by comparison to hydrogen consumption.

A solution was prepared by dissolving 72.0 g of tet-
rabutylammonium thiomolybdate in enough methanol
to give 180 ml of solution. Analysis of the tetrabutylam-
monium thiomolybdate indicated that it had the approx-
imate formula ((C4Hg)4N)2(M0Qq.5S3.5). This solution

.was used to impregnate to incipient wetness 167.0 g of

the same 14/35 mesh calcined gamma alumina used in
Example 1. The alumina was dried for 3 days in a vac-
uum desiccator. The impregnated alumina was then
impregnated with a second solution of 56.0 g of tet-
rabutylammonium thiomolybdate, having essentially
the same analyses, dissolved in enough methanol to give
140 ml of solution, and dried in a vacuum desiccator
overnight. The 295.8 g of impregnated alumina so pre-

.pared contained 13.9 g weight percent MoOs3, on an

ignition-loss free basis (ignition loss=36.43%).

Four equal portions of this impregnated alumina,
with a combined weight of 197.0 g (240 ml), were ther-
mally decomposed in fixed bed reactors at the same
conditions described in Example 6. The portions of
alumina were discharged in an inert atmosphere.

To make Catalyst H, three of these portions were
recombined, yielding 94.85 g of solids material. This
combined portion was impregnated with 13.56 g of
cobalt nitrate dissolved in enough acetone to give 96 ml
of solution, and dried for 4 days in a vacuum desiccator.
The finished Catalyst H weighed 108.89 g, and con-
tained 3.35 wt. % CoO and 13.52 wt. % MoO3, on an
ignition-loss free basis (ignition loss=13.93%). Catalyst
H also contained 2.21 wt. % carbon and 5.12 wt. %
sulfur, and had 189 m2/g surface area and 0.450 ml/g
pore volume. .

To make Catalyst J, the remaining portion of decom-
posed alumina supported thiomolybdate, weighing
31.52 g was impregnated with 4.55 g of nickel nitrate
dissolved in enough acetone to give 32 ml of solution.
The impregnated portion of alumina dried for 4 days in
a vacuum desiccator. The finished Catalyst J weighed
36.00 g, and contained 3.70 wt. % NiO (based on recipe,
not analysis) and 13.12 wt. % MoOs3, on an ignition-loss
free basis (ignition loss=12.04%). The catalyst also
contained 2.48 wt. % carbon and 4.94 wt. % sulfur. It
had 186 m2/g surface area and 0.432 ml/g pore volume.

The catalysts activities were determined in side-by-
side tests, along with both conventional Catalyst X and
Catalyst Z. Per gram of molybdenum, conventional
Catalyst X and Catalyst Z gave almost identical activi-
ties, both for desulfurization and for denitrogenation.
This was expected because the only major difference
between them is a higher overall metal level on Catalyst
Z, which is compensated for by expressing the activities
on a per gram of molybdenum basis. On the other hand,
Catalyst H had only 0.78 times the desulfurization activ-
ity of the conventional catalysts, but 1.26 times the
denitrogenation activity of the conventional catalysts.
Catalyst J had 0.35 times the desulfurization activity of

‘the conventional catalysts and 1.88 times the denitro-

genation activity. Thus, the tendency for nickel pro-
moted catalysts to be selective for HDN over HDS is
manifested in the catalysts of this invention.

The hydrogen contents of the feed, liquid product,
and off-gas from this particular activity test were very
carefully measured, and the chemical hydrogen con-
sumption of each catalyst was determined. Chemical
hydrogen consumption is usually very closely corre-
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lated with nitrogen removal, since carbon-nitrogen
bonds are stabilized by adjacent aromatic ring struc-
tures and are usually broken only after such aromatic
rings have been hydrogenated. However, the relation-
ship is more favorable for the catalysts of this invention
than for conventional catalysts.

In hydrotreating a light cat cycle oil from a Baton
Rouge refinery (FS-4754) to provide an 80 ppm nitro-
gen level in the liquid product, Catalyst H and J re-
quired only 625 SCF/B hydrogen consumption, while
both conventional catalysts required 750 SCF/B. Hy-
drotreating to 20 ppm nitrogen, the chemical hydrogen
consumptions were 725 and 850 SCF/B, respectively.
Indeed, as shown in the attached figure, at any given
nitrogen level in the product both Catalyst H and J
required the same hydrogen consumption, while both
conventional catalysts required about 125 SCF/B more
hydrogen. The accuracy of determination of the hydro-
gen consumption values is about 30 SCF/B. Thus, the
catalyst of this invention can hydrotreat a given hydro-
carbon feed to a given nitrogen target level with about
a 125 SCF/B savings in hydrogen consumption, which
represents a considerable cost savings. This reduction in
hydrogen consumption is quite unexpected. The fact
that both cobalt and nickel promoted Catalysts H and J
show this advantage is quite significant, and demon-
strates that it is a basic characteristic of supported amine
thiomolybdate catalysts decomposed in a reducing,
sulfiding environment.

It is apparennt that various modifications and changes
can be made without departing the spirit and scope of
the present invention.

Having described the invention, what is claimed is:

1. A process for the preparation of supported carbon-
containing molybdenum sulfide and tungsten sulfide
catalysts which comprises

compositing a preselected quantity of a porous, re-

fractory inorganic oxide with a salt characterized
by the formula

Bx[MOyS4— y]

where B is an organo or hydrocarbyl substituted
diammonium ion, an organo or hydrocarbyl substi-
tuted ammonium ion or quaternary ammonium ion,
or an ionic form of a cyclic amine containing one or
more basic N atoms, x is 1 where B is an organo or
hydrocarbyl substituted diammonium ion, or 2
where B is an organo or hydrocarby! substituted
ammonium or quaternary ammonium ion or an
ionic form of a cyclic amine containing one or
more basic N atoms, M is molybdenum or tungsten,
and y is 0, or a fraction or whole number ranging
up to 3, and

heat decomposing the salt of said catalyst precursor

composite in the presence of a gaseous admixture
containing hydrogen and hydrogen sulfide to form
said supported carbon-containing molybdenum
sulfide or tungsten sulfide catalyst.

2. The process of claim 1, wherein the supported
carbon-containing molybdenum or tungsten sulfide
catalyst precursor composite, prior to decomposition of
the salt, contains from about 5 percent to about 30 per-
cent of the salt, calculated as MoO3 or WOj3 on an igni-
tion loss free basis.

3. The process of claim 1 wherein the catalyst precur-
sor composite is heated at temperatures ranging from
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about 150° C. to about 400° C. to heat decompose the
salt of said composite.

4. The process of claim 3 wherein the decomposition
temperature ranges from about 200° C. to about 370° C.

5. The process of claim 1 wherein the decomposition
temperature ranges from about 150° C. to about 400° C.,
and the salt impregnated catalyst precursor composite is
contacted with the gaseous admixture containing hy-
drogen sulfide and hydrogen at a flow rate ranging from
about 50 to about 5000 V/H/V, and at pressures rang-
ing from about O to about 2000 psig.

6. The process of claim 5 wherein the flow rate of the
hydrogen sulfide and hydrogen ranges from about 100
to about 1000 V/H/V, the pressure ranges from about 0
to about 200 psig, and the concentration of the hydro-
gen sulfide in the gaseous admixture ranges from about
0.5 percent to about 50 percent.

7. The process of claim 1 wherein the porous, refrac-
tory inorganic oxide is alumina.

8. The process of claim 1 wherein the porous, refrac-
tory inorganic oxide is particulate alumina, the salt is
dissolved in a solvent, and the particulate alumina and
salt solution are contacted together and the particulate
alumina impregnated with the salt solution, the impreg-
nated alumina is dried to remove the solvent, and the
dry, salt-impregnated alumina heated to a temperature
sufficient to decompose the salt and form said supported
carbon-containing molybdenum sulfide or tungsten
sulfide ctalysts.

9. The process of claim 1 wherein, in the salt charac—
terized by the formula B,{MO,S4_,], M is molybdenum
and y ranges from 0 to 0.5. )

10. The process of claim 1 wherein a Group VIII-B
metal, or admixture of said metals, exclusive of said
metal added by incorporation of said heat decompos-
able thiomolybdate or thiotungstate salt, is composited
with said supported carbon-containing molybdenum
sulfide or tungsten sulfide catalyst.

11. As a composition of matter, sapported carbon-
containing molybdenum sulfide or tungsten sulfide cata-
lysts formed by the steps comprising

composmng a preselected quantity of a porous, re-

fractory inorganic oxide with a salt characterized
by the formula :

Bx[MOyS4 — y]

where B is an organo or hydrocarbyl substituted
diammonium ion, an organo or hydrocarbyl substi-
tuted ammonium ion or quaternary ammonium ion,
or an ionic form of a cyclic amine containing one or
more basic N atoms, x is 1 where B is an organo or
hydrocarbyl substituted diammonijum ion, or 2
where B is an organo or hydrocarbyl substituted
ammonium or quaternary ammonium ion or an
ionic form of a cyclic amine containing one or
more basic N atoms, M is molybdenum or tungsten,
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and y is 0, or a fraction or whole number ranging
up to 3, and

heat decomposing the salt of said catalyst precursor

composite in the presence of a gaseous admixture
containing hydrogen sulfide and hydrogen to form
said supported carbon-containing molybdenum
sulfide or tungsten sulfide catalyst.

12. The composition of claim 11 wherein the sup-
ported carbon-containing molybdenum or tungsten
sulfide catalyst precursor composite, prior to decompo-
sition of the salt, contains from about 5 percent to about
30 percent of the salt, calculated as MoO3 or WO3 0n an
ignition loss free basis.

13. The composition.of claim 11 wherein the catalyst
precursor composite is heated at temperatures ranging
from about 150° C. to about 400° C. to heat decompose
the salt of said composite.

14. The composition of claim 13 wherein the decom-
position temperature ranges from about 200° C. to about
370° C.

_15. The composition of claim 11 wherein the decom-
position temperature ranges from about 150° C. to about
400° C., and the salt impregnated catalyst precursor
composite is contacted with the gaseous admixture
containing hydrogen sulfide and hydrogen at a flow
rate ranging from about 50 to .about 5000 V/H/V, at
pressures ranging from about 0 to about 200 psig.

16. The composition of claim 15 wherein the flow
rate of the gaseous admixture containing hydrogen
sulfide and hydrogen ranges from about 100 to about

1000 V/H/V, the pressure ranges from about 0 to about

200 psig, and the concentration of the hydrogen sulfide
within the gaseous admixture ranges from about 0.5
percent to about 50 percent.

17. The compos1t10n of claim 11 wherein the porous,
refractory inorganic oxide is alumina.

18. The composition of claim 11 wherein the porous,
refractory inorganic oxide is particulate alumina, the
salt is'dissolved in a solvent, and the particulate alumina
and salt solution are.contacted together and the particu-
late alumina impregnated with the salt solution, the
impregnated alumina is dried to-remove the solvent, and
the dry, salt-impregnated alumina heated to a tempera-
ture sufficient to decompose the salt and form said sup-
ported carbon-containing molybdenum sulfide or tung-
sten sulfide catalysts.

19. The composition of claim 11 wherein, in the salt
characterized by the formula Bx[MO,S4_,], M is mo-
lybdenum and y ranges from 0 to 0.5.

20. The composition of claim 11 wherein a Group
VIII-B metal, or admixture of said metals, exclusive of
said metal added by incorporation of said heat decom-
posable thiomolybdate or thiotungstate salt, is compos-
ited with said supported carbon-containing molybde-

num sulfide or tungsten sulfide catalyst.
x k ¥ %k %



