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The present invention relates to improvements
in the art of refining petroleum fuels and more
particularly it relates to the method of treating
hydrocarbons with a metal compound to remove
sulphur therefrom.

Prior to our invention numerous proposals had
been made by others for removing the offensive
odor of sulphur-containing compounds from hy-
drocarbons, such as gasoline and other moior
fuels. In the oil indusiry, a gasoline or other
petroleum product which possesses an undesir-
able odor caused by the presence of certain sul-
phur compounds is said to be “sour” and meth-
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ods for removing or minimizing the undesirable -

odor are commonly referred to as “sweetening”
processes, One common method for sweetening
sour gasoline or other fuel is the so-calied “lead
doctor” process in which process, after the re-
moval of hydrogen sulphide and other easily re-
movable sulphur-containing compounds, the gas-
oline or other fuel is treated with sodium plumbite
and sulphur whereupon the mercaptans present
in the motor fuel are oxidized to the correspond-
ing disulphides.. The fuel is improved in odot
in that the offensive sulphur-containing com-
pounds, such as mercaptans, are converted to &
form in which they are less odoriferous. How-
ever, in this type of process the sulphur content
of the treated fuel is usually substantially not
less than in the untreated fuel.

Our process, on the other hand, relates to &
treatment of fuels in which the sulphur content
of the fuel is actually lowered by the treatment
and, therefore, one principal object of our in-
vention is to treat a gaseous or liquid hydrocar-
bon such as & sour or odoriferous gasoline with
a metal or metal compound under conditions
such that the fuel is sweetened and rendered less
offensive from the standpoint of odor and, a¢ the
same time, to reduce the sulphur content of the
hydrocarbon substantially.

A more limited object of our invention is to
treat a sulphur-bearing fuel continuously in the
presence of & copper compound under conditions
of temperafure, pressure and time of treatment
so as to produce a refined petroleum fuel which
is satisfactory from the standpoint of odor. and
is enabled to pass the so-called “doctor test,” as
well as not to impair the quality of the gaso-
line otherwise, such as to increase its corrosive-
ness toward copper and other metals.

Other and further objects of our invention will
appear from the ensuing descrlption and claims.

Our invention will be best understood by refer-
ence to the accompanying drawing which shows
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diagrammatically one form and arrangement of
apparatus elements by means of which our in-
vention may be carried into practical effect in
the treatment of a sour gasoline.

_To illustrate our invention the drawing will be
described in connection with an illustrative ex-
ample of our process.

Referring in detail to the drawing, 1 repre~
sents a treating tower or vessel which may be
in the form of g vertical vessel having a sub-
stantially cylindrical intermediate section and
conical upper and lower sections, The precise
shape of the vessel is not critical and various
forms may be employed. Sour gasoline to be
treated is introduced into the system through
line 10 and passed through a heating coil 12 dis-
posed in a furnace 1§ The oil is heated prefer-
ably at about 1 atmosphere gauge pressure, in the
furnace to a temperature of say 200° F. to 700°
F., with a range of from 300° F. to 400° F. being
preferred, and the oil thus heated is withdrawn
{from the furnace through line I6 and discharged
into the bottom of treating vessel {. The gaso-
line is therefore preferably either vaporized or is
in the form of a mist. A solid treating agent,
say copper oxide, which is stored in a hopper 28
is withdrawn from the hopper 20 through line
22 and discharged info line 16 and thereafter,

“together with the gasoline, into the vessel { in

30 the form of a suspension of the treating agent in
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the vapors. The hopper 20 is elevated sufficiently
above vessel | so as to develop considerable static
pressure, that is to say, hopper 20 may be ele-
vated so that pipe 22 (shown broken) extends
say 120 ff. or more above the top of vessel { so
as to provide, in substance and effect, a system
analogous to the ordinary sfand-pipe employed
to force water from a reservoir to the houses
served in a municipal water system. To con-
trol the rate of flow in pipe 22 the latter is pro-
vided with a slide valve 286.

The operating conditions within vessel { are
such that the oil is at a temperature, as previ-
ously indicated, of from 200° F. to 700° F., while
the pressure prevailing in vessel | may be varied
from atmospheric to 500 lbs. per square inch.
It may be necessary to cause upward flow of the
ireating agent and oil where the latter is par-
tially liquid by means of an added gasiform sub-
stance such as flue gas or steam. The flue gas
or steam may be discharged into pipe (6 from
pipe 26 and thence with the gasoline into the
reactor. The oil remains resident in the vessel
in contact with the copper compound for a period
of from say 5 to 15 seconds. Under the condi-
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tions stated, the mercaptans and other sulphur

compounds present in the oil react with the added

treating agent to form sulphides.

The amount of treating agent used to treat.a
given quantity of sour motor fuel depends upon
the amount of sulphur present in the untreated
oil, and ordinarily a preliminary test should be
made to determine the amount of such sulphur
in the untreated oil. Thereafter where the treat-
ing agent is say, copper oxide, at least the
stoichiometric amount of copper oxide to form
copper sulphide, from the sulphur present in the
oil should be added to said oil. Preferably, how-
ever, it is advisable to use an excess of the copper
. compeund over that stoichiometrically required
to combine with all the sulphur in the oil.

The oil and copper compounds pass through
reactor { and are withdrawn from vessel |
through line 21 and delivered to a cyclone sepa-
rator 23 where the larger portion of the copper
compound is separated frem the gasoline vapors.
The copper compound is withdrawn from cyclone
separator 23 through line 24 containing flow con-
trol slide valve 27 and discharged into-a regen-
eration vessel 28 through which it flows upwardly
with air, introduced into vessel 28 through line
30. The temperature of the entering air is suffi-
cient to cause a burning of the copper sulphide
and its conversion to copper oxide. Ordinarily
an air inlet temperature of 600° F. to 800° F. is
sufficient to cause combustion-of the copper sul-
phide and the formation of copper oxide. The
pressure prevailing in vessel 28 may be atmos-
pheric, or pressures as high as 500 1bs. per square
inch may be employed, the effect of pressure
being to lower the ignition temperature and to
cause more rapid consumption of the sulphur
and, consequently, to enable decrease in the size
of vessel 28. The copper oxide and gas is with-
drawn from vessel 28 through line 31, discharged
into cyclone separator 32 and the copper is re-
cycled to hopper 29 by conduit 33.

Referring to the gasoline vapors in separator
23, the same are withdrawn through line 40,
thence passed through a cooling coil 50 and
finally delivered by line 52 to a storage vessel 55.
It is pointed out that in order to remove copper
oxide still in the vapors in line 40, the said vapors
may be passed through a second or even a third
cyclone separator to insure the complete removal
of the copper compounds

Referring again to separator 32, the excess air
and oxidation products, including oxides of sul-
phur, are withdrawn from the separator through
line 66 and these may be rejected from the sys-
tem., Before such rejection, they may be passed
through a waste heat boiler to recover at least
a portion of their sensible heat or they may be
treated with air or oxygen to form sulphuric acid
which may be concentrated and recovered in
known manner, either or both of which processes
may be performed in apparatus well known but
not illustrated.

Referring more particularly to the treating
agent, the same is preferably-in the form of a
powder having say a particle size of from 200 to
400 mesh, although larger or smaller particle
sizes may be employed. Compopnds may be used
in our process which include copper, iron, nickel,
bismuth, antimony, mercury, lead, cadmium and
silver, chlorides, sulphates, nitrates, iodides, or
oxides or the metals themselves or any metal
compound which will form & sulphide upon con-
tact with a hydrocarbon containing combined
sulphur. However, we prefer to use a copper

compound mixed with an acid-treated clay, such
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as & Montmorillonite clay or other inert carrier
solid, by dissolving say copper nitrate or copper
sulphate in water and forming a slurry with the
clay. The slurry is then dried and finally heated
in the presence of oxygen to a temperature of
about 350° F. to 900° F., sufficient, in any event, -
to convert the copper nitrate or suliphate substan-
tially to copper oxide. The clay containing the
copper oxide intimately mixed therewith is there-
after pulverized or ground to produce the proper
degree of ﬁneness i. e. to a size of from 200 to
400 mesh.

Referring again to trea.ting vessel 1, it is pointed
out that our invention includes the feature of sup-
plying to treating vessel 1 a limited amount of
oxygen or air introduced into the reactor through
line 1. The presence of oxXygen in reaction ves-
sel { facilitates the reaction between the copper
compound and the sulphur compounds of the oil.
Obviously, the amount of air employed should

. not be sufficient to cause extensive oxidation of
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the hydrocarbons present in the vapors during the
treatment. Good results are obtained by employ-
ing from 5 to 50 volumes per cent of air per vol-
ume of hydrocarbon vapor.

The present process is characterized by the fea-
ture that the copper or other compounds in
vessel | may remain resident therein for con-
trolled periods of time by regulating the linear
velocity of the oil vapors. 'Thus, where a sus-
pension of copper compounds in the vapors in

~ vessel | weighs from 5 to 25 pounds per cubic
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foot, the linear velocity of the suspension may be
from about 1.5 to 4 feet per second, and hence
where the average length of the path traversed,
through the reactor by the copper compound is
about 30 feet, the compound will remain in the
vessel 1 to 20 minutes or perhaps longer, the
time being greater than that of the residence time
of the vapors within the reactor. By increasing
the linear velocity, the resident time of the
treating compound in the treating vessel may be
reduced.

To recapitulate, our invention resides in em-
ploying in & sulphur removal from a hydrocarbon
process, a method of feeding the treating agent,
such as, a copper compound preferably in pow-
dered form, to the treating zone from a hopper,
considerably elevated above the treating zone to-
gether with hydrocarbons to be treated, and so
manipulating or controlling the flow of suspen-
sion of treating compound and the hydrocarbon
in the treating zone that the flow of ireating -
compound and gasoline is concurrently upward,
but due to slippage of the treating compound in
the treating zone the compound remains therein
for a longer period of time than does the hydro-
carbon. The hopper confaining the treating

. compound which is fed to the treating zone is in
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communication with said treating zone by means
of a pipe or conduit means, and due to the eleva-
tion of said hopper the copper compound wiil be
under static pressure at the point where it en-
ters the treating zone. According to our process
gasoline, kerosene, gas oil, range oil, domestic
heating oils, normally gaseous hydrocarbons and
the like may be treated to remove sulphur there-
from.

It is pointed out that an important feature of
our invention resides in employing the sensible
heat of the regenerated treating compound by
returning the latter to the treating zone sub-
stantially at the temperature it possesses as it
leaves the regeneration zone. In other words,
our present invention includes so manipulating
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the process that it embodies the use of the sen-
sible heat of the copper or other oxide recovered
from the regeneration zone to supply at least a
portion of the preheat imparted to the oil treated
in the treating vessel.

‘While the apparatus shown in the accompany-
ing drawing indicates the flow of catalyst from
the hopper 20 to the treating vessel | or from
the cyclone separator 23 to the regeneration ves-
sel 28 as proceeding downwardly and then around
a bend and upwardly before it mixes with the
vapors or gas at the respective mixing points, an
alternate form of the invention involves di-
recting the flow of catalyst perpendicularly or
angularly downward until it reaches the point of
mixing with the vapors or gas in queéstion. In
other words, pipe 22 without the lower bend may
terminate in the lower conical portion of treater
{ in which case pipe 21 would be a substantially
straight pipe projecting from hopper 20 into
treater | at a point just above the inlet end of
pipe 16. Neither form of the apparatus, how-
ever, is intended to be limiting on the invention.

Many modifications of our invention will sug-
gest themselves to those skilled in this art and
these modifications will fall within the spirit of
our present invention.

What we claim is:
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1. A method for removing sulphur from sul-

phur-bearing hydrocarbons which comprises
passing a stream of said hydrocarbons in vapor
form upwardly through a desulphurizing zone,
imposing a positive pressure on the hydrocarbon
vapors passing through said zone at least suffi-
cient to overcome the pressure drop therethrough,
maintaining a vertical column of finely divided
solid desulphurizing compound of a height suffi-
cient to develop & pressure at the base thereof
greater than the pressure imposed on said hy-
drocarbon vapors, discharging desulphurizing
compound from the base of said column into
said stream of hydrocarbon vapors, controlling
the velocity of the hydrocarbon vapors passing
upwardly through said desulphurizing zone to
maintain said compound within said zone for a
period materially greater than the period said
vapors are maintained therein, keeping the hy-
drocarbon vapors in contact with said desul-
phurizing compound within said desulphurizing
zone for a period and at a temperature sufficient
to remove a substantial portion of the sulphur
therefrom, and thereafter separating the treat-
ed hydrocarbon vapors from said compound.

2. A method of removing sulphur from sul-
phur-bearing hydrocarbons which comprises
passing a stream of hydrocarbons in vapor form
upwardly through a desulphurizing zone, con-
tinuously introducing a stream of finely divided
solid desulphurizing compound into said stream
of hydrocarbon vapors passing through said zone,
regulating the velocity of the hydrocarbon va-
pors passing through said zone to maintain the
finely divided desulphurizing compound within
said zone for a period materially greater than the
period said vapors are maintained therein, keep-
ing said hydrocarbon vapors in contact with said
desulphurizing compound under desulphurizing
conditions for a period sufficlent to remove a
substantial portion of the sulphur from saig hy-
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drocarbon vapors, thereafter separating the
treated hydrocarbon vapors from the finely di-
vided compound, discharging the finely divided
compound so separated into a stream of regen-
eration gas, passing said stream through a regen-
erating zone, subjecting said compound to re-
generation within said regenerating zone, there-
after separating the regenerated compound from
the regeneration gas, discharging the regenerated
compound so separated into the top of a vertical
column of said finely divided desulphurizing
compound, maintaining said column at a height
sufficient to develop a pressure at the base there-
of greater than the pressure on the hydrocarbon
vapors at the point of introduction of said de-
sulphurizing compound into said stream of va-

* pors, and discharging finely divided compound

from the base of said column into said stream of
hycrocarbon vapors.

3. A method of removing sulphur from sul-
rnur-bearing hydrocarbons which comprises
passing & stream of said hydrocarbons in vapor
form upwardly through & desulphurizing zone,
imposing a positive pressure on the hydrocar-
bon vapors passing through said desulphurizing
zone at least sufficient to overcome the pressure
drop through said zone, maintaining a vertical
column of finely divided desulphurizing com-
pound of a height sufficient to develop a pressure
at the base thereof greater than the pressure
imposed on said hydrocarbon vapors, discharg-
ing the finely divided desulphurizing compound
in a continuous stream into said hydrocarbon
vapors, controlling the velocity of the hydrocar-
bon vapors passing upwardly through the desul-
phurizing zone to maintain said finely divided
compound within said zone for a period mate-
rially greater than the period said hydrocarbon
vapors are maintained therein, keeping said hy-
drocarbon vapors in contact with said desul-
phurizing compound within said desulphurizing
zone for a period sufficient to reduce the sulphur
contained therein, thereafter separating the fine-
ly divided desulphurizing compound from the
treated vapors, passing a stream of regeneration
gas through a regeneration zone, imposing & pos-
itive pressure on said regeneration gas greater
than the drop in pressure through said regen-
eration zone, maintaining a vertical column of
finely divided desulphurizing compound separat-
ed from said hydrocarbon vapors of a height suf-
ficient to develop & pressure at the base of said
column greater than the pressure imposed on
said regeneration gas, conducting compound sep-
arated from said hydrocarbon vapors to the top
of said last-named column, discharging the finely
divided compound from the base of said last-
named column into said stream of regeneration
gas, subjecting said compound to regeneration
during passage through said regeneration Zone,
thereafter separating regenerated compound from
the regeneration gas and conducting regenerated -
compound so separated to the top of said first-
named column for return to said stream of hy-
drocarbons. ) .
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