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6 Claims:
1

The present invention relates to the desulfuri-
zation of mixtures of hydroearbons and, more
particularly, to the desulfurization of mineratl oil
and mineral iractions. _ )

The deleterious effect ¢f sulfur compounds pres-
ent in crude petroleum and various fractions of
petroleum is too well known' to regquire detailed
discussion. On the other hand, it is becoming
more apparent as the supplies of mirieral oil from
the oclder fields become less that the desulfuriza-
tion of petroleum is becoming g greater problem.
A review of the problem of producing low-sulfur
products from petroleum emphasizes the fact that
future supplies of crude petroleum in the main
will consist to a very great degree of the so-
called high sulfur type. Consequently, it is neec-
essary for the petroleum refining industry to dis-
cover more efficient methods for removing sul-
fur. Many methods have been proposed but each
has its deficiencies. Solvent extraction is not
sufficiently selective with the present available
golvents. Other treating methods' involving the
use of acids in many instances produce satisfac-
tory results from the standpoint of sulfur re-
raoval but becauss of the relatively low yield of
useful oil are industrially impractical.

Other methods of removing sulfur from m1x-
tures of hydrocarbons; especially mineral’ oil,
have been based upon’ contact between the sulfur
containing oil and regeneratable meta] oxide cat-
alysts.

manner. It is with the'latter type of method for
desulfurizing mixtures of hydrocarbons, e§pecial-
1y mineral oil and analogous mixturés of hydro-
carbons that the present iriveéntion is ¢oncerned.

The use of nicke] catalysts for the'désulfuriza-
tion of mixtures of hydrocarbois: €. gi; petroleum
and petroleum fractions, either with of withouit
hydrogen has been described. In these processes
the nickel of the catalyst combines with the sul-
fur from the sulfur compounds to form nickel
sulfide. Considerable amounts of carbon are de-
posited also on the catalyQt Smce nickel is'rela-

tively expensive, it is nécessary, for economical

operaticn, that the nickel be recoveréd:and re-
used. The previously described-methods-for using

nickel on an inert carrier such' as- kieselguhr'
to desulfurize mixtures of “hydrocarbons-involved’

a regeneration step in whieh the sulfur and car-

bon deposited on the catalyst were removed as

oxides by treating with air at elevated temper-
atures. In such a regeneration- the nickel, at
least in part, theoretically is converted to the

oxide and then reduced to metallic’ niekel: by

These methods have been unsatisfactory
for industrial purposes because-the catalyst could
not be reactivated in:an industridlly satisfactory
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treating the oxidized catalyst with hydrogen.
These processes have proved to be impractical on
a’ commercial scalé because after a few cycles
involving, theoretically, deactivation to nickel sul-
fide, oxidation fo the oxide and reduction to
metallic nickel, the nickel loses its activity as a
desulfurizing agent. Study of thé problem has
led to the conclusion that the nickel is sintered
or that the nickel sulfide during cxidation is
converted to other nickel compounds which can-
not be reduced to metallic nickel by normal treat-
ment with hydrogen and this change rapidly in-
activates the catalyst. This loss of activity on
regeneration makes the use of nickel catalysts on
a support such as kieselguhr industrially imprac-
tical.

However, as early as 1906 a United States Pat-
ent No. 809,087 issued to H. S. Blackmore de-
seribing the use of nickel carbonyl as a desul-
furizing agent. The Blackmore process is made
continuous by okxidizing the nickel sulfide formed
in the desulfurizing step to nickél oxide and
reducing the nickel oxide t6 metallic nickél with
hydrogen and then econverting the metallic nickel
to nickel carbonyl by treating the reduced nickel
with’ carbon monoxide., The Blackmore process
suffers from several disadvantages among which
is the fact that when' nickel sulfide is treated
with oxygen inactivaticn of the nickel occurs
through- sinterinig: or the formation of non-re-
ducible compounds such as nickel sulfate, In
other’ words, when nickel sulfidé produced by
the desulfurization of a mixture of hydrocarbons
ig-treated with oxygen, coniplete oxidation to the
oxide does not occur but only partial oxidation
to the sulfate occurs i stifficient amount to seri-
ously reduce the amount of nickeél oxide which
can: be reduced and thén re-converted' to nickel
carbonyl. Furthermore, it has been found that
when nickel carbonyl is' putiiped’ into a hot re-
actor or preheater, either in a blend with a mig-
ture of hydrocarbons or sebarately, the carbonyl
decomposés to’ form metallic' nickel and either
forms chunks of solid metal or builds up on the
walls of- the preheater or reactor. Either result
soon causes the reactor or prehedter to become
obstructed. In addition, this foiii' of nickel is
8 relatively poor desulfutizing agent:

It has-now been discovered that the deﬁclen-
cies of previously disclosed desulfurizing proc-
esses' invoiving the use’ of: nickel as the desul-
furizing agent'can‘be overcome. First it has been
found that nickel carbonyl: can b€’ decomposed
into an activé: form in:contrast to’ the mactwe"
form produced iri-Blackmore’s process.” Secon Iy,
thenickel sulfide cah bé: eShiverted- t6 nicksl dir-
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bonyl without oxidizing to sulfate, reducing the
oxide with hydrogen and converting that portion
of the nickel sulfide which has been converted
to metallic nickel to nickel carbonyl. Thirdly,
in the present method the nickel carbonyl de-
composes into a finely divided colloidal state
which is very active and does not adhere to the
walls of the reactor. After desulfurization of
the mixture of hydrocarbons being treated, the
nickel-nickel sulfide powder is readily removed
from the reactor by conventional means and read-
ily regenerated.

It is an object of the present invention to pro-
vide a means for desulfurizing mixtures of hy-
drocarbons containing sulfur,

It is another object of the present invention
to provide a means for the concurrent desul-
furizing and cracking of crude petroleum and
petroleum fractions.

It is a further object of the present invention
to provide a means for desulfurizing mixtures
of hydrocarbons wherein nickel carbonyl is em-
ployed and the nickel sulfide produced in the
desulfurization is converted to nickel earbonyl
directly.

Other objects and advantages will become ap-
parent from the following discussion.

Broadly stated the present invention, in con-
trast to that described by Blackmore, involves
spraying nickel carbonyl into hot hydrocarbon
vapors, separating the hydroearbon vapors from
the colloidal nickel-nickel sulfide powder, cool-
ing and condensing the hydrocarbon vapors, and
regenerating the nickel carbonyl (by treating the
nickel-nickel sulfide powder with carbon mon-
oxide).

It is well known that nickel carbonyl is mis-
cible in all proportions with petroleum and pe-
troleum fractions. It is also known that nickel
carbonyl begins to decompose at 36° C. and com-
pletely decomposes into nickel and earbon mon-
oxide at 180° C. and norma] pressure. It is also
known that the temperature at which nickel car-
bonyl decomposes is dependent upon the partial
pressure of the carbon monoxide present. Since
desulfurization of hydrocarbon mixtures is de-
pendent upon the formation of the highly reac-
tive colloidal form of nickel, it follows that de-
sulfurization of hydrocarbon mixtures ean be car-
ried out at any temperature and pressure at
which nickel carbonyl is decomposed to the high-
ly active colloidal form of nickel and below the
temperature at which the nickel begins to ag-
glomerate and the hydrocarbons begin to crack
excessively and form undesirably large amounts
of hydrocarbon gases.

In general it is desirable to conduct the desul-
furization operation in a eylindrical chamber
heated to a temperature between about 400° F.
to about 900° F. and preferably sbout 500° F.
to about 750° F. depending on the end point of
the charge stock. While pressure has little effect
upon the reaction, it has been found that the
use of hydrogen and low pressures of about 150
to about 500 pounds per square inch gauge gives
improved results.

The use of a cylindrical chamber for desulfuri-
zation of mixtures of hydrocarbons is preferred
because the walls of a cylindrical chamber can
be provided with a hlanket of hydrocarbon gases
more readily than a chamber of the same volume
but of different shape and also because a greater
time of contact between the eolloidal nickel and
the hydrocarbon vapors can be ohtained.

In desulfurizing mixtures of hydroearbons such
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as crude petroleum, shale oil and the like or
fractions thereof, and preferably having an end
boiling point not greater than 750° P., the mix-
ture of hydrocarbons to be desulfurized is pre-
heated to the pre-determined temperature and
then introduced into the reactor in a manner to
ensure that the walls of the reactor will be pro-
vided with a blanket of hydrocarbon vapors.
This is most readily accomplished in a eylindri-
cal reactor or desulfurizer by introducing the
hydrocarbon vapors tangentially into the reactor
at the bottom thereof. The hydrocarbon vapors
rise through the reactor providing an efficient
blanket for the walls of the reactor because of
the swirling action produced by introducing the
hydrocarbon vapors tangentially. 'The nickel
carbonyl is sprayed into the center of the reactor
preferably at the top or close to the top thereof.
The colloidal nickel which is formed by the de-
composition of the nickel carbonyl under these
conditions settles slowly through the hydrocar-
bon vapors to the bottom of the reactor from
which it is removed in any suitable manner to
a receiver. The hydrocarbon vapors and gases
are removed from the top of the reactor, cooled
and condensed. The nickel-nickel sulfide powder
is regenerated; i. e., converted into nickel car-
bonyl by treating it with carbon monoxide af
temperatures and correlated pressures at which
nickel carbonyl does not decompose. It has been
found advantageous to convert the nhickel-nickel
sulfide powder to nickel carbonyl in the presence
of metallic copper. When desirable the hydro-
carbon vapors are not cooled and condensed but
treated with more nickel carbonyl in the same or
a similar reactor,

The ratio of nickel carbonyl to hydroearbon
(nickel carbonyl expressed as parts by weight
nickel) should be from 1:1 to 1:20 parts by
weight. The temperature regeneration of the
nickel-nickel sulfide powder should be 100° F. to
350° F. and the corresponding pressures from 15
p.s.i.g.to 500 p.s.1. 8.

Since the method of the present invention i
relatively simple, it is believed that two illusira-
tive but non-limiting examples are sufficient.
Thus, 1490 parts by weight of coker gasoline
from a California crude were pumped at the rate
of about 75 parts by volume (liquid) per minute
into & preheater maintained at about 400° P
The gasoline contained 0.98 per cent sulfur. The
vaporized hydrocarbons were introduced tangen-~
tially into the reactor maintained at about 590°
F. Two hundred and fifty-five parts by weight
of nickel carbonyl (Ni(CO)s) were sprayed into
the top center of the reactor. Thus, the ratio
of nickel carbonyl (expressed ag parts by weight
nickel) to hydrocarbon was 1 to 17. The prod-
uets consisted of 1253 parts by weight of desul-
furized gasoline containing 0.49 per cent sulfur,
6.3 cubic feet of gas and a black fluffy material
which consisted of colloidal nickel and hickel]
sulfide.

It can be readily calculated that about 50
per cent of the sulfur had been removed from
the gasoline,

The nickel carbonyl was regenerated by con-
tacting the black fluffy material with carbon
monoxide at 300° F. and 200 p. s. i. g.

Illustrative of concurrent desulfurization and
cracking of a hydrocarbon mixture having a
boiling range higher than gasoline is the treai-
ment of a Santa Maria gas oil.

About six hundred and eighty parts by weight
of Santa Maria gas oil were pumped at the rate
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of about 16 parts by volume per minute info a
preheater maintained at about 750° F. The va-
porized hydrocarbons were introduced tangen-
tially into a cylindrical reactor which was main-
tained at about 800° F. About 715 parts by
weight of nickel carbonyl were sprayed into the
top center of the reactor. Thus, the ratio of
nickel carbonyl (expressed as parts by weight
nickel) to hydrocarbon was 1 to 2.76. The prod-
uct consisted of about 600 parts by weight of
desulfurized and cracked hydrocarbons, ahout
15.6 cubic feet of gas (containing some Cs and Cs
hydrocarbons) and a black fluffy material com-
prising colloidal nickel and nickel sulfide. The
properties of the charge stock and the liguid
product are compared in the following table:

Charge -

Ligquid
Stock =

Product

Gravity ° A. P. I .. _....

As is evident from an inspection of the distil-
lation of the liquid product, the yield of desul-
furized gasoline was 24 per cent of the liguid
product.

We claim:

1. A method of desulfurizing a mixture of hy-
drocarbons which comprises heating a mixture of
hydrocarbons containing sulfur bearing com-
pounds to at least 400° F., to vaporize said mix-
ture of hydrocarbons, introducing said vaporized
hydrocarbons into a cylindrical reaction zone in
the region of the bottom thereof in a direction
tangential to the inner periphery of said zone
thereby causing said vapors to rise in said re-
action zone as a swirling column, maintaining
said reaction zone at a temperature of 400°-900°
F. and at least the vaporization point of said
mixture, introducing finely divided nickel car-
bonyl into the upper portion of said swirling
column of vapors of said mixture of hydrocarbons
at substantially the center thereof, whereby said
nickel carbonyl is decomposed to form finely di-
vided nickel, causing said finely divided nickel to
descend through and in contact with said rising
swirling column of vapors of said mixture of
hydrocarbons containing sulfur bearing com-
pounds thereby converting at least a portion of
said finely divided nickel to nickel sulfide, with-
drawing treated vapors of said mixture of hydro-
carbons having a reduced concentration of sulfur
from the top of said reaction zone, withdrawing
a mixture of finely divided nickel and nickel
sulfide from the bottom of said reaction zone,
contacting said mixture of finely divided nickel
and nickel sulfide with carbon monoxide, con-
verting said nickel and nickel sulfide to nickel
carbonyl, and treating another mixture of hy-
drocarbons containing sulfur bearing compounds
with said nickel earbonyl.

2. The method described and set forth in claim
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1 wherein the mixture of hydrocarbons contain-
ing sulfur bearing compounds has an end boil-
ing point of about 750° F.

3. The method deseribed and set forth in claim
1 wherein the mixture of hydrocarbons contain-
ing sulfur bearing compounds has an end boiling
point of about 750° F., nickel carbonyl is intro-
duced into the reaction zone at the rate of 1
part of nickel to 1 to 20 parts of hydrocarbon
mixture by weight and the reaction zone is main-
tained at about 500° to about 750° F.

4. A method of desulfurizing a mixture of hy-
drocarbons which comprises heating a mixture
of hydrocarbons containing sulfur-bearing com-
pounds to at least 400° P., to vaporize said mix-
ture of hydrocarbons, introducing said vaporized
hydrocarbons into a cylindrical reaction zone in
the region of the bottom thereof in a direction
tangential to the inner periphery of said zone,
thereby causing said vapors to rise in said re-
action zone as a swirling column, maintaining
said reaction zone at a temperature of 400°-900°
F. and at least the vaporization point of said
mixture, introducing finely divided nickel car-
bonyl into the upper portion of said swirling col-
umn of vapors of said mixture of hydrocarbons
at substantially the center thereof, whereby said
nickel carbonyl is decomposed to form finely
divided nickel, causing said finely divided nickel
to descend through and in c¢ontact with said
rising swirling column of vapors of said mixture
of hydrocarbons containing sulfur-bearing com-
pounds thereby converting at least a portion of
said finely divided nickel to nickel sulfide, with-
drawing treated vapors of said mixture of hy-
drocarbons having a reduced concentration of
sulfur from the top of said reaction zone, and
withdrawing a mixture of finely divided nickel
and nickel sulfide from the bottom of said re-
action zone.

5. A method of treating a mixture of finely
divided nickel and nickel sulfide produced by
desulfurizing a mixture of hydrocarbons with
nickel carbonyl to regenerate nickel carbonyl
which comprises contacting said mixture of
finely divided nickel and nickel sulfide with car-
bon monoxide, converting said nickel and nickel
sulfide to nickel carbonyl and treating another
mixture of hydrocarbons containing sulfur-
bearing compounds with said nickel carbonyl.

6. A method of regenerating nickel carbonyl as
set forth in claim 5 wherein the mixture of me-
tallic nickel and nickel sulfide is contacted with
carbon monoxide in the presence of metallic
copper.

RICHARD B. BISHOP.
WILLIAM I. DENTON.
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