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The present invention relates to the treatment
of sulfur-containing organic materials, in par-
ticular, sulfur-bearing hydrocarbon material, to
desulfurize the same. More particularly, the
present invention relates to the desulfurization
of sulfur-containing petroleum fractions, par-
ticularly heavy fractions, such as residua and re-
duced crudes.

The problem of sulfur removal from petroleum
fractions and crudes is as old as the petroleum
industry. For most purposes, it is undesirable to
have an appreciable amount of sulfur in any
petroleum products. Gasoline should be rela-
tively sulfur-free to make it compatible with
lead. Motor fuels containing sulfur as mercap-
tans are undesirable because of odor and gum
formation characteristics. Sulfur is objection-
able in fuel oils of any kind because it burns to
form SOz which is ocbnoxious and corrosive.

Sulfur occurs in petroleum stocks, generally in
two main forms, as mercaptans and as part of a
more or less substituted ring, of which thiophene
is the prototype. The former type is generally
found in the lower boiling fractions, in the
naphtha, kerosene, and light gas oil material,
whereas the ring-sulfur compounds form the
bulk of the sulfur-bearing material of the high
boiling petroleum fractions. Numerous processes
for sulfur removal from relatively low molecular
and lower boiling fractions have been suggested
such as “doctor” sweetening, wherein mercap-
tans are converted to disulfides, caustic treating,
solvent extraction, copper chloride treating, etc.,
all of which give a more or less satisiactory de-
crease in sulfur or inactivation of mercaptans by
their conversion into disulfides. The latter re-
main in the treated product, and must be re-
moved if it is desired to obtain a sulfur-free
product.

Sulfur removal from higher boiling fractions,
however, has been a. much more difficult opera-
tion. As pointed out, here the sulfur is present
for the most part as a part of a ring. Such
sulfur is, of course, not susceptible to chemical
operations satisfactory with mercaptan sulfur.
Also, extraction processes are unsatisfactory, for
solvents specific for sulfur compounds, for in-
stance, boron fluoride complexes or liquid hydro-
gen fluoride-boron fluoride, or ligquid SOz, no
longer are of much use when possibly every
molecule of the oil contains a sulfur ring. Thus,
a high boiling product, such as a residuum, that
contains about 3% of sulfur is estimated to con-
sist extensively of molecules containing sulfur,
and so extraction of sulfur-containing material
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2
is no longer feasible, inasmuch as the bulk of the
extracted material is in the extract and lost,
unless a means is present for removing sulfur
from this extract.

One satisfactory method for removing sulfur
from products wherein it is present as a ring
type compound has been by hydrogenation in
the presence of a so-called sulfactive catalyst.
Thus, it has beeny found that certain catalyst,
such as cobalt molybdate, tungsten sulfide,
nickel sulfide, molybdenum sulfide, etc., are good
hydrogenation catalysts and that when these
catalyst substances are employed in the hydro-
genation of petroleum stocks containing sulfur,
these catalysts are not poisoned by sulfur but, on
the contrary, tend to reduce the sulfur content of
the material being hydrogenated, the sulfur
being removed as H2S. However, though this
process is quite satisfactory for the hydrogena-
tion, or hydrodesulfurization of low and medium
boiling petroleum fractions, the process is com-
pletely unsatisfactory for sulfur removal from
high boiling stocks, such as cycle stock and re-
sidua. The latter, which are the bottoms product
after the 1050° F. gas oil is taken overhead, are
notorious carbonizers. When they are passed
over a fixed bed of a sulfactive catalyst of the
type described above, in order to remove a por-
tion of the sulfur content by catalytic hydro-
desulfurization, carbonization of the catalyst
proceeds at once, and in an extremely short time
the catalyst is covered by deposition of carbo-
naceous material and is inactivated. Regenera-
tion is expensive, and since the period of activity
is so short, it is economically unfeasible to oper-
ate with such a process.

It is, therefore, an object of the present in-
vention to provide an improved method of desul-
furizing sulfur-bearing organic hydrocarbon ma-
terial, in particular, desulfurizing high boiling
stocks such as residua.

A further object of the invention is to provide
an improved means of refining petroleum frac-
tions to separate therefrom sulfur and undesir-
able sulfur compounds.

A still further object of the present invention is
to provide a cheap method for upgrading heavy
stocks such as residua.

A-still further object of the present invention
is to disclose a novel means of hydrodesulfur-
izing in the absence of a fixed catalyst bed
whereby inactivation of catalyst is substantially
avoided. )

Other objects and advantages of the present
invention will become apparent from the follow-
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ing description, read in conjunction with the ac-
companying drawing describing one embodiment
of the present invention.

It has now been found that these objects and
advantages may be realized by subjecting sulfur-
containing high boiling hydrocarbon material,
such as reduced crudes and residua, to a hydro-
desulfurization reaction employmg, 1nstead of g
fixed catalyst bed, a homogeneous catalyst which
- is not fouled and inactivated by the large quan-
tities of asphaltenes and ash present in such so-
called “dirty” feed stocks, thereby making it pos-
sible to dispense with the expensive and easily
fouled heterogeneous catalysts, such as molyhde-
nura sulfide, tungsten sulfide, etc

By a homogeneous catalyst system is meant a
system wherein the catalyst is always presentmg
a fresh “surface” to the reactants, i. e., a system
having a self-generating surface. Such a, system
is fully realized when the catalyst is completely
miscible in the material being treated, and to a
less extent when the catalyst is compietely dis-
persed theretMougn and the reactlon products
comprise a separate phase; reactlon pr oduct pre-
cipitating, fresh surface is constantly prov1ded

It has now been found that the hxgher valent
halides of the amphotenc metals in particular,
stannic chloride and titanium tetrachloride, are
particularly useful as homoveneous catalysts in
reducing the suifur content of reduced crudes and
residua in the presence of hydrogen Residua
have little commercial value because of their
high coking chalacterlstlcs ‘and sulfur content,
besides containing 1ar<fe amounts of ash and as-
phaltenes. In accordance with the present in-
vention, residua and reduced crudes may be read-
ily and economlcally converted 1nto useful prod-
ucts, such as feed utock for catalytlc cracking, or
for bun‘kel and marme fuel, none of which prod-

It is known in the art to treat sulfur contain-
ing oil stocks w1th salts of heavy metals to polv-
merize olefinic material and to p1e01p1tate as-
phaltenes. This treatment cannot, however, re-
move sulfur when the sulfur is ﬁrmly attached
to the ring of the oil molecule, and these sulfur-
containing molecules comprise substantialiy the
whole of the oil being treated, as where a reduced
crude, for example, eontains 3% or more of sul~
fur; this corresponds to a mixture wherein the
vast bulk of the moleeules contain sulfur and are,
of course, of high molecular-weight.

Thehalidesof tin and titanium are excellent ho-

mogeneous catalysts for the hydrodesulfurizatiorn

of these heavy stocks, because such halides are to
a considerable extent, soluble in the hydrocarbon
as a result of the hydrogenation, the. solid sulfides
are formed which do not inactivate. the catalyst
as they would tend to if the latter were a solid,
by forming a coat of the respective sulfide. about
the catalyst. The catalyst is. readily regener-

atable from the reaction products and may be.

re~used.

It has further been found that the activity of
these homogeneous hydrodesulfurization. catalysts
may be substantially enhanced and promoted. by
carrying out the hydrodesulfurization in, the pres-
ence of a hydro-halide, such as HCL

‘In accordance with the present invention, high
boiling high mpolecular. welght pet leum ﬁac-
t1ons, paltlculally 1educed crudes and 1e51dua‘
are treated in a hydrogenatlon zone. w1th hydro-
gen at pressures, fxom about. 100 5000 p. s. 1. &.
and at temperatures in the range of 300°—900°

preferably between. 4007 and 800° F, in the pres—‘
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ahly, though not of necessity, in the further pres-
ence of a hydrogen halide promoter such as HCI.

Because the liguid catalyst is dissolved in and
dispersed through the sulfur-containing feed, the
deposition of carbonaceous solids, as asphaltenes,
and of ash, does not inactivate the catalyst as a
fixed catalyst bed of sulfactive catalyst would
have been inactivated.

The invention will best he understood when
read in conjunction with the accompanying draw-
ing which is a diagrammatic representation of a
preferred embodiment of the invention.

Turning now to the figure, wherein there is
shown diagrammatically, a procedure for hydro-
desulfurizing and upgrading a heavy residuum,
such as Kuwait bottoms in the presence of the
liquid catalyst of the present invention, the pe-
troleum stock is introduced through lines 2 and 6
inte reactor 19, together with catalyst either from
storage through lines 4 and §, or in part from re-
cycled or regenerated catalyst, as shown herein-
after. The liquid mixture is contacted counter-
currently with a hydrogen-containing gas intro-
duced through line 12. Hydrogenator {8 is suit-
ably a packed tower, though other known means
of obtaining intimate contact between hqulds
and gases may be e‘nployed

Within vessel 18 there is maintained a pressure
of from about 100 to 5000 p. s. i. g., preferably
1580 to 3000 p. s. i. g, depending upon the nature
of the material being treated, and temperatures
in the range of 300° to 900° F., preferably between
400°-800° . are employed. Feed rates of 0.25 to
4 v./v./hr. may be used, together with hydrogen
feed rates of about 500 to 5000 standard cubic
feet per barrel of liquid feed. Though commer-
cial hydrogen is to be preferred, even hydrogen
containing appreciable amounts of CO may be
used.

The amount of catalyst employed in the hydro-

" genation may vary from 2 to 20% by weight, on
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the feed, depending in part upon the amount of
promoter, if any, added to the reaction system.
In accordance with the present invention, hy-

. drogen chlono.e is, introduced into 1eactor 10

through lme 8. This material is most effective
in promoting the hymodesulfurlzatmn reaction
W1th1n 16, and may be. added contmuously or in-
tenmttent;y to the extent of 1 to i5% by weight
of the hydrocarbon feed.

Product streams containing in suspension, con~
51derab1e amounts of carbonaceous solids, asphal~
tenes, ash as well as precipitated metal sulfides,
and catalyst metal compounds distributed both
through the liquid and the solid residue, are wlth-
drawn from reactor. (0. through lines 26 and passed
to. settling vessels 22, wherein sludge and solids
a,re allowed to settle. Liquid products are drawn
off through lines 26 and 28 and may, if desired,
be passed to scrubber 34, via line 32. In scrubber
34, the product may be scrubbed with an alkaline
material, as dilute caustic, ete. to remove residual
HCI. If desired, however, liquid product may
by pass scrubber 84 by by-pass line 40, and pass
directly to. fractionator 4i. Overhead there. is
recovere_dthrough line 42, a substantially sulfur-
free naphtha, while through lines 44 and 46, low
sulfur gas and heating oils. may be withdrawn.
Residue is withdrawn through. line 48; and this

70, 3y be recovered as, such, as when it is desired

to recover bunker fuel or it may be recycled in

paxt or as a whole to. the process via line 52.
Returnmg to hydxogenator 12, zaseous prod-

ucts comprising unreagted hydrogen, HCl, HzS,

ence of tin or tltanmm tetrachlonqle2 and prefer- % and some hydrocarbon 11qu1ds and: gases. result..ﬁ'
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ing from decomposition: within the reaction zone,
of petroleum stock feed, may be passed overhead
and, after cooling’ (not shown) passed via line
{4 to separator 16. - The liquid:condensate may
be withdrawn through line 30 and be added to
the hydrodesulfurized lquid product in scrubber
34, The gaseous portion may be withdrawn
from separator (6 through line 18. A portion
may, if desired, be purged to prevent accumula-
tion of inert gases and H2S, the inert gases re-
sulting from product decomposition and crack-
ing. The balance of the gas may be recycled to

5
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Furthermore, though the present invetitioti finds
its greatest utility in upgrading reduced crudes
and residua, the invention may also be employed
in the upgrading and desulfurizing of other ma-
terial, such as shale oil, petrolatum, ete., in par-
ticular, those boiling above about 650° F.

The effectiveness of the halides of tin and tita-
nium as homogeneous catalytic agents in the
hydrodesulfurizing of heavy feed stocks is clearly
demonstrated in the following example. The
material desulfurized was a 78 % Kuwait bottoms
fraction.

Hydrodesulfurizing of 78% Kuwait botioms

RUN - ool e Feed A B C D E F
Catalyst oo oo e e None | SnCl | SnCli | TiCL | SnClz | SnCle
Wt, Percent Catalyst. .l |amciaan 5 5 10 5 5
Wt. Percent HCI promoter 0 6 6 0 6
Added (a8 oo H: H: Ha He H,
Pressure, P. Sode G oo mcoomm ez 2,000 | 2,000 | 2,000 | 2000 2000 2000
Temperatlire _ . oo e 750 750 750 750 750 750
Sulfur, Wt. Percent....__._ . 3.07 2.23 1.38 10 0.79 1.59 1.36
Dosulfurization, Wt. Pereent. ... f..cceooe 21.3 56| 67.5 74| 48,2 55.7
Product Distribution:
Naphtha, 400° F.—
Wt. Percent of product 0 20.5 3.2 3.5 6.2 1.5 1.7
QGravity, °API 72.4 69.8 69.8 72.1 69.2
Sulfur, Wt. Percent_. 0.11 0.07 0.06 0.21 0.10 0.07
QGas Oil, 850° F.—
Wt. Percent of product......... 50. 2 60.8 76.9 81.3 84.7 75.0 77.4
Gravity, CAPT __________ 321 |cee 33.5 32.7 84.8 32.9 33.1
Sulfur, Wt. Percent 1.70 2.08 1.20 0.83 0.72 1.33 L21
QGas Oil Bottoms—
Wt. Percent of product......... 49.8 18,7 19.9 15,2 9.1 23.5 20.9
Sulfur, Wt. Percent_ ... 4.41 5.04 2.22 2.14 18 2.49 2.07

reactor {08, with or without prior removal of
H»S by any conventional method.

The settled solids in settlers 22, which consist
in large proportions of tin or titanium sulfide,
as well as Sn or Ti compounds dispersed or
occluded in the carbonaceous solids and ash, are
advantageously treated with a halogen, prefera-
bly chlorine, to recover the catalyst. This may
advantageously be accomplished by injecting Clz
through lines 54 into settlers 22. As a result of
the ensuing reaction, preferably aided by a suit-
able heating process, the sulfides, etc. are recon-
verted into the respective high valent halides.
The regenerated catalyst and unreacted chlorine
may be withdrawn overhead from 22 via line 56
and, after cooling, allowed to separate into a
liquid and gas phase respectively in separators
58. The chlorine may be recycled for further
conversion in settlers 22, while the liguid SnCls
or TiCl: may be passed downwardly through line
. 62, and thence through lines 64 and 6, back to
the reaction system.

The above description and exemplary opera-
tion admit of many variations obvious to those
skilled in the art. 'Thus, mention has not been
made of various accessory equipment which nor-
mally would be used in a commercial plant.
Thus, in the interest of good heat economy, vari-
ous heat exchangers and economizers would be
employed to utilize whatever heat is available in
the most efficient manner and, in order to con-
trol the process, pumps, compressors, agitators,
valves, flow meters, etc., would be included in the
equipment. Also, it may be desirable to with-
draw coke and precipitated sulfides from settlers
22 and to treat the solids for catalyst recovery
in suitable auxiliary equipment. Under certain
circumstances it may be desirable to pretreat the
residua or reduced crude with hydrogen in the
absence of a catalyst or promoter prior to ho-
mogeneously catalytically hydrodesulfurizing the
same; appreciable reduction in amount of cat-

alyst required may sometimes thus be realized. 7s zone,
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The above data clearly show the effective de-
sulfurization to be obtained by the use of stannic
or titanium tetrachloride in accordance with the
hydrodesulfurization process of the present in-
vention. It will be noted that the beneficial ef-
fects of the metal halides, are considerably en-
hanced by the addition of the hydrogen halide
promoter. Even stannous chloride which, being
a solid, and thus not a homogeneous catalyst and
which did not show particularly high desulfuriza-
tion characteristics, had its efficiency enhanced
by the presence of added HCI1 promoter.

It is also of interest to note that the bottoms
product, as a result of the treatment in accord-
ance with the present invention, has been up-
graded into a form readily utilizable as feed to
the catalytic cracking process, and that the
halides themselves, particularly when promoted
with HCI, show good cracking characteristics, as
shown by the increased yields of the distillate
fractions when HCI is employed. Furthermore,
it will also be noted that desulfurization in the
lower boiling fractions resulting from the treat-
ment is practically complete.

‘While the foregoing description and exemplary
operations have served to illustrate specific appli-
cations and results of the invention, it is not
limited thereto. Other modifications obvious to
those skilled in the art are within its scope.

What is claimed is:

1. The process of desulfurizing and upgrading
sulfur-containing petroleum residua which com-~
prises contacting said residua feed in a hydro-
genation zone with hydrogen in the presence of
a catalyst comprising the tetrachloride of a metal
selected from the group consisting of tin and
titanium, maintaining within said zone, a pres-
sure in the range of 100 to 5000 p. s. i. g. and a
temperature in the range of 300°-900° F., and
recovering g hydrocarbon product containing sub-
stantially less sulfur than said feed.

2. The process of claim 1 wherein a hydrogen
halide promoter is added to said hydrogenation
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3. The process of claim 2 wherein said promoter
is HCL

4. The process of claim 1 wherein said catalyst

is SnCls. .

5. The process of claim 1 wherein said catalyst
is TiCls.

6. The process of claim 1 wherein said catalyst
and said feed formx substantially a. single phase.

7. The process of claim 1 wherein 2 to 20%
by weight of catalyst is added to said zone.

8. The process of claim 1 wherein said feed is.
contacted with hydrogen and partially desulfur-
ized before addition of catalyst to said zone.

9. The process of desulfurizing and upgrading
sulfur~containing petroleum residua which com-
prises contacting said residua feed in a hydro-
genation zone with hydrogen in the presence of
a catalyst comprising the tetrachloride of a metal
selected from the group consisting of tin and
titanium, maintaining within said zone a pressure
in the range of 100-5000 p. s. i. 2. and a temper~

 ;
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ature in the range of 300°-800° F:, adding 1 to
about ¥5% eof HCl promoter based on petroleum
feed to said zone, and recovering a hydrocarbon
product containing substantially less sulfur than
said feed.

RALPH BURGESS MASON.

HAROLD J. ROSE.
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