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This invention relates to the treatment of dis-
tillable hydrocarbon oils containing sulfur com-
bounds, such in particular as unrefined or par-
tially refined gasolines or fractions thereof, with
hydrogen in the presence of hydrogenating diffi-
cultly reducible compounds of heavy metals to
effect a substantial hydrogenation and removal
of said sulfur compounds while maintaining the
anti-knock properties of the material treated.

Various processes for the catalytic hydrogena-
tion of hydrocarbon distillates of the nature of
gasolines to remove sulfur compounds have been
suggested. Most of these processes depend upon
the use of particular hydrogenation catalysts
which are more or less resistant to poisoning by
sulfur compounds and/or are capable of being
used for relatively long periods of time before re-
generation or replacement is necessary. None of
the processes disclosed are, however, completely
satisfactory. Under conditions for effective re-
moval of sulfur compounds a saturated prodiict
having poor anti-knock properties is usually ob-~
tained. The usual refinery practice has therefore
been to effect a compromise by subjecting the ma-
terial to be treated to only a limited hydrogena-
tion treatment under mild conditions; that is, the
material is subjected to a mild hydrogenation
treatment and the hydrogenation is stopped while
the material still contains an appreciable amount
of unsaturated hydrocarbons. By carefully lim-
iting the severity of the treatment and control-
ling the extent of hydrogenation most of the more
easily removable sulfur compounds and olefinic
hydrocarbons are hydrogenated with a compara-
tively small depreciation of the anti-knock prop-
erties. The product is then subjected to a further
conventional refining treatment, such as s con-
ventiona] treatment with sulfuric acid, to com-
blete the refining.

The hydrogenation may be carried out with -

‘any one of a large number of suif-active hydro-
genation catalysts. However, some  preference
has been shown to the use of hydrogenating met-
als, such as nickel, and hydrogenating metal ox-
ides, such as iron oxide, which tend to react with
the sulfur compounds in the feed and gradually
converted to the corresponding sulfides.. After
a period of about 100 hours of use the sulfur is
removed from the catalyst by a suitable regen-
eration treatment which converts the catalyst
back to its original state. Metal sulfide catalysts
such as nickel sulfide and cobalt-molybdenum sul-
fide have, however, also been suggested as suit-
able catalysts. - When using such catalysts it is
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necessary to effect the hydrogenation under mild 55
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conditions. -Thus, for example, temperatures in
the. order of 450-600° ¥. are used. Under the
mild conditions necessary the desuifurization-hy-
drogenation is quite slow.. The liquid hourly space
velocity is usually in the order of 1.5.

The above critique -of the previously known
and conventional practices is not intended To dis-
credit these processes since they are considerably
more effective than the conventional acid refining
method for this purpose and have been used for
a number of years. It is intended, however, to
point out wherein these processes are not com-
pletely satisfactory and to show in which re-
spects the process of the present invention is an
improvement. o

"An -object of the present invention is to pro-
vide a process -of the type described which will
allow a more complete removal of sulfur com-
pounds and olefins (if present) while substan-
tially maintaining the anti-knock properties of
the material: treated. ~ Another object is to pro-
vide-a process of the type described in which high
hydrogenation temperatures and higher through-
put capacities may be utilized without deprecia-
tion of the anti-knock properties of the material
treated. : - ‘

These objects are attained in the process of
the present invention by utilizing a catalyst which -
has been modified in its catalytic properties by a
comparatively long period of use under dehydro-
genation conditions. It is found that under the
usuial conditions for effecting hydrogenation and
removal of sulfur compounds a wide variety of
ill-defined reactions takes place simulianeocusly,
some of which reactions are desirable and some
of which are undesirable. It is well known that
over a long period of use the over-all activity of
the catalyst declines considerably so that in time
it becomes necessary to replace the catalyst. Tt

-is found, however, that if the catalyst is used for

a comparative long period under dehydrogenation
conditions the decline in catalytic activity is of
such-a nature that the ability of the catalyst to
catalyze the undesirable reactions decreases at
a much. faster rate than the ability of the cata~
lyst to catalyze the desired reactions.. Thus, by
using the catalyst under dehydrogenation condi-
tions for a comparatively long period (say 500~
1000 hours) the -catalyst is still substantially as
active for the subsequent desulfurization but is
less.active in catalyzing the undesirable reactions
which in said desulfurization tend.to. depreciate
the-anti-knock properties of the material. Also,
the catalyst, after- preconditioning or pretreating
under -dehydrogenation conditions, may be used
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for the catalytic desulfurization at considerably

i -

" at a temperature between about 700 and 850° F.

higher temperatures and at much higher space .

velocities, and a substantially complete desulfuri-
zation may be obtained without detrimentally af-
fecting the anti-knock properties of the material
treated. The reason for the improved efficiency
of the catalyst for the described desulfurizing hy-
drogenation after a comparatively long period of
use under dehydrogenation conditions is not clear-
ly understood. It does not appear to be due t;q
the deposition of carbonaceous deposits upbon the
catalyst or to poisoning of the catalyst by sulfur
or other organic materials since the effect is noted
even if the catalyst, after being used under the

dehydrogenation conditions, is regenerated in the -

(]
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conventional manner by burning off carbonaceous

deposits and resulfiding. It appears to be due
to the long period of heating under reducing con-
ditions at “the higher temperatures of the .de-
hydrogenation. :
- It is to be particularly pointed out that the cat-
alyst used for the present desulfurization-hydro-
genation treatment .is not one which has been
deactivated by previous use. Thus, the pretreated
or preconditioned catalyst, after regeneration, if
- necesgary, is substantially as active as the fresh-
ly prepared catalyst when tested under either de-
hydrogenating or hydrogenating conditions. The
‘catalyst is changed, however, during the.precon-
ditioning and this is particularly evident from the
differences in the rates of-decline of fresh and
preconditioned catalysts under dehydrogenation
conditions. Under hydrogenation conditions both
catalysts show substantially the same very slow
- rate of decline, : :
. 'The process of the present invention is appli-
_cable for the desulfurization of various distillable
kydrocarbon oils and fractions thereof includ-
ing straight run gasolines from high sulfur pe-
troleums. It is, however, particularly advanta-
geous for the desulfurization ef such materials
‘as - catalytically cracked gasolines, thermally

cracked gasolines, thermally reformed gasolines,

coal tar distillates, and various fractions there-
of. Thus, it is particularly advantageous for the
desulfurization of distillates containing appre-
ciable concentrations of olefins and/or aromatic
bydrocarbons, which distillates normally have
excellent initial- anti-knock properties (for ex-
ample, A, S. T. M. octane numbers of 76 or above);
since the depreciation of the anti-knock proper-
ties of sich materials is considered particularly

- undesirable.

The catalyst used is a preformed heavy metal
sulfide dehydrogenation catalyst and is prefera-
bly one prepared by precipitation methods. Ex-
amples of such catalytic materials are the sulfides
of iron, nickel, cobalt, molybdenum and tungsten.
These materials may be used per se but are
usually used in combination with a suitable rela-
tively inert carrier or-diluent material such ‘as
alumina, magnesia, gilica, zirconia or the like.

One preferred catalyst for.the process of the
invention is, for example, a preformed compound
catalyst comprising -as the predominant active
constituent a combination of a major mol amount
of g metal of the iron group and a minor mol
amount of tungsten combined with sulfur in
‘amounts to approximately satisfy the general
formula WS2-2Fe2S3.. This catalyst is preferably
prepared by forming an intimate mixture as by
precipitation methods, of a sulfide of a metal of
the iron group and tungsten sulfide and then fur-
ther sulfiding the material with hydrogen sulfide
or 5 mixture of hydrogen sulfide and hydrogen

until the preseribed sulfur concentration is ob-
tained. Of the metals of the iron group, nickel is
preferred. The mol proportion of nickel (or iron
or cobalt) to tungsten may range from below 1:1
up to about 2:1. However, a ratic between about
1571 and 1.8:1 is preferred.  While tlie above de-
scribed catalyst is preferred for the reasons that
it is very selective and affords a particularly long
catalyst life without regeneration, cobalt thio-
molybdate catalysts such for instance as described -
in United States Patent 2,325,033 and cther pre-
formed- sulf-active metal sulfide hydrogenation
catalysts may also be employed. - )
The catalyst prior to being used for the selec-
tive hydrogenation of sulfur compounds is used

- for & period of time under dehydrogenaiion con-
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ditions. Such conditions are characterized by
the prodiuction of hydrogen and hydrocarbons
poorer in hydrogen as net reaction products.. In
general dehydrogenation  is effected with these
catalysts at higher temperatures than these-nor-
mally used for the hydrogenation of sulfur com-
pounds, for instance temperatures between-about
850°. F. and 950° F. The dehydrogenation is
preferably carried out substantially continuously
with a feed containing 0.15% sulfur or less and in
the presence of a considerable excess of recycled
product gases consisting largely.- of - hydrogen.
Suitable preconditioning: of the ¢atalyst,; for ex-
ample, may be had by using the freshly prepared
catalyst for a period of about 500-1000 hours-and
at a temperature of about 880° F. for the dehy-
drogenation of a straight run. gaseline fraction
containing about 0.1% sulfur. The precondition-
ing should be continued for at least about-100—
200 hours and is preferably carried oitt for aboub
1000 hours or more, for example, for a time eor-
responding to between one-quarter and one-half
of the normal life of the catalyst undet siich con-
ditions. S Sl

The catalyst after being preconditioned by use
under dehydrogenation conditions miay- be sim-
ply transferred to the hydrogenation reactor (or
the same reactor may be used) and used therein
under. . desulfurizing hydrogenation conditions

- without any intermediate treatment. In general,
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however, the catalyst becomes contaminated to a
small extent with carbonacecus - deposits during
use under dehydrogenation conditions; particu-
larly if the amount of hydrogen recycled is not
sufficiently large. It is therefore advantageous to
first regenerate the preconditioned catalyst by
removing carbonaceous deposits: prior to using it
for the desulfurizing hydrogensdtion. .- This may.
be accomplished by any one of the known con-
ventional regeneration treatments.- ‘
After preconditioning as above described, the
catalyst is-employed for the desulfurizing hydro-
genation, The desulfurizing hydrogenation may
be carried out at temperatures. in the order of
400-650° F. at relatively low space velocities as
heretofore practiced with ordihary - catalysts
which have not been preconditioned.. However,
an important advantage of the present process is
that the desulfurizing hydrogenation may be car-
ried out at high températures-in tke order of
860-830° F. and at high lquid hourly space ve-
locities even up to 80 while substantially main-
tairéing the anti-knock propérties of the original
feed. o e
As mentioned above; if the desulfurization of
olefinic stocks such as-crackéd and reformed-gas=
olines is carried out with catalysts which Have
-not been so pretreated, the hydrogenation must
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be stopped long before the desulfurization is
complete in order to avoid an appreciable and
undesirable depreciation of the anti-knock prop-
erties. - An advantage of the present process is

that the desulfurizing hydrogenation may be car- -

ried out more nearly to completion without suf-
fering any appreciable loss of anti-knock prop-
erties.

Example

A tungsten nickel sulfide catalyst is prepared
by precipitation (645 pounds of tungstic acid to
1050 pounds of nickel nitrate hexahydrate). The
precipitate is treated at about 750° F, with a mix-
ture of hydrogen sulfide and hydrogen until the
sulfur content is between about 27% and 28%.
The material is then mixed with about %%- of g
binder and formed into pellets.

This catalyst is very active for desulfurization
and hydrogenation and also catalyzes other reac-
tions such as isomerization. Prior to using the
catalyst for the desired desulfurization-hydro-
genation it is used for a period of about 2000

hours under dehydrogenation conditions as fol-
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lows:

Feed e A straight run gasoline frac-
tion containing about 0.1% S

Temperature — o _.__ °F'._ 860880

Pressure - p. s, i__ 750 .

Liquid hourly space velocity __ - _..__ 1.5

Recycle Ha ratio —— 7:1

The catalyst after the treatment contains a
small amount of carbonaceous. deposits. It is,
however, not spent and can be used for the de-
sulfurization without further pretreatment. It
is, however, regenerated by first burning off the
carbonaceous deposits with a mixture of air and
steam while maintaining the temperature below
about 1100° F. and then treating with hydrogen
sulfide. This regeneration removes any loss of
activity or efficiency due to the above-mentioned
deposits. The regenerated catalyst if used again
under the above - described - dehydrogenation
treatment is found to be substantially as active
and effective as the freshly prepared catalyst.
The catalyst is, however, now employed for the
described desulfurization-hydrogenation “of a
fraction of catalytically cracked aviation base

stock containing about 36% by volume aromatic ;

hydrocarbons, about 0.31% sulfur and having a
bromine number (Rosenmund) of about 76 and
a 1-C octane No, 4.6 cc. T. E. L. of about 86.1.
When operating the desulfurization-hydrogena-
tion under the following conditions:

Temperature ..o °F'._ 506-710
Pressure e p. 8. i.—_ 769-792
Liquid hourly space velocity . .____ 3.0-47
Recyele He ratio . ______ 6.5-9.0

over 99% of the sulfur is removed (sulfur con-
tent 0.002%) and the bromine number is reduced
to about 8. The aromatics are substantially un-
affected (aromatic content of the product about
35%) and the 1-C octane No. 44.6 cc. T, E. L,
is increased to 95.8. The catalyst may be used
continuously under these conditions for a long
time without showing any noticeable decline in
activity, selectivity or efficiency.

The desulfurization may also be carried out at
higher temperatures and/or at higher space ve-
locities. For instance the catalyst may be used
to treat a catalytically cracked base stock frac-
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tion containing about 0.09% sulfur and under
the following conditions:

Temperature oo e __ °F.. 880-890
Pressure ..__. — -p.s. i 720
Liquid hourly space velocity _ . _______ 6
Recycle Ha ratio « e 7:1

Under these conditions the sulfur is reduced to
below 0.01% for a period of over 1000 hours while
substantially maintaining the anti~knock proper-
ties. When the catalyst finally loses ifs desired
effectiveness it may be regenerated and reused
for further extended periods of time.

I claim as my invention:

1. In the substantially continuous catalytic hy-
drogenation of sulfur-containing hydrocarbon
oils of the nature of gasoline to effect removal of
sulfur while substantially maintaining the anti-
knock properties, the improvement which com-
prises effecting the hydrogenation with an active
preformed heavy metal sulfide hydrogenation
catalyst which has been preconditioned by its con-
tinucus employment for at least two hundred
hours for the catalytic dehydrogenation of a rel-
atively sulfur free hydrocarbon fraction prior to
its application in said hydrogenation.

2. In the continuous catalytic hydrogenation
of sulfur-containing hydrocarbon oils of the na-
ture of gasoline having an A. S. T. M. octane
number of at least 76-while substantially main-
taining the anti-knock properties, the improve-

‘ment which comprises effecting the hydrogena-.

tion with an active preformed heavy metal sul-
fide hydrogenation catalyst which has been pre-
conditioned by its continuous employment for at
least two hundred hours for the dehydrogenation
of a hydrocarbon oil containing less than 0.15%
sulfur prior to its application in said hydrogena-
tion.

3. In the substantially continuous catalytic hy-
drogenation of sulfur-containing hydrocarbon
oils of the nature of gasoline to effect removal
of sulfur while substantially maintaining the
anti-knock properties, the improvement which
comprises effecting the hydrogenation with an
active preformed heavy metal sulfide hydrogena-
tion catalyst which has been preconditioned by
its continuous employment under hydrogenation

Pressure at a temperature within the range of

about 850° F. and 950° F. for at least two hun-
dred hours for the dehydrogenation of a hydro--
carbon oil containing less than 0.15% sulfur prior
to its application in said hydrogenation.

4. In the substantially continuous catalytic
hydrogenation of sulfur-containing hydrocarbon
oils of the nature of gasoline to effect removal of
sulfur while substantially maintaining the anti-
knock properties, the improvement which com-
prises effecting the hydrogenation with an active
preformed heavy metal sulfide hydrogenation cat-
alyst consisting essentially of a preformed com-
bosite comprising a major mol amount of a sul-
fide of a metal of the iron group and a minor
mol amount of tungsten sulfide, which catalyst
has been preconditioned by its continuous em-
ployment under hydrogen pressure at a tempera-
ture within the range of about 850° F. and 950°
F. for at least two hundred hours for the dehy-
drogenation of a hydrocarbon oil containing less
than 0.15% sulfur prior to its application. in said
hydrogenation, :

ROBERT M. COLE,



