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This invention relates to catalysts and to cata-
lytic processes and more particularly to an im-
proved process for reactivating or regenerating
catalysts whose efficiency has been decreased by
the deposition of carbonaceous materials on the
surface of the catalyst particles during a hydro-
carbon conversion reaction. In a more specific
aspect, the present invention relates to the re-
activation of metallic catalysts which have been
deactivated by the surface deposition of carbon-
aceous or other deposits thereon.

This invention is particularly applicable to the
catalytic synthesis of hydrocarbons from a syn-
thesis gas composed mainly of hydrogen and
carbon monoxide in which a finely divided
metallic catalyst is employed.. Usually a finely
divided iron catalyst is employed in the. reaction
zone, and the velocity of the influent synthesis
gas causes the. particles of the finely divided
catalyst to become suspended in the gases in the
reaction zone. Under properly controiled condi-
tions the catalyst will assume a state of fluidity,
and the suspended catalyst will act similar to and:
can be treated as a fluid in many respects. The
reaction can be carried out at substantially ele-
vated temperatures, and as a result of the ele-
vated temperature and of the high activity of a
powdered catalyst, high space velocities in terms
of the Volume of gas per volume of catalyst per
hour can be used. These space velocities may
be ten or more times as high as the velocities
employed with the conventional fixed-bed opera-
tion. The highly exothermic. reaction is easily
controlled at these conditions because the fuid
nature of the catalyst spreads the heat of re-
action evenly throughout the catalyst bed and
allows good heat transfer to the cooling surfaces
of the reactor and the cooling devices within it.

During the synthesis reaction there is a tend-
ency toward the deposition of carbonaceous ma-
terial on the surface of the catalyst particles, and
. at elevated temperatures and high catalyst
activity the tendency of the catalyst to produce
carbon is intensified. Further, if the cocling is
insufficient or fails entirely, the. temperature of
the reactor may rise rapidly and almost instan-
taneously with the resulting deposition of quantl-
ties of carbon on the catalyst surface.

When the carbon deposits on the catalyst sur=
face become excessive, it is possible to remove the
deposits by various methods. One process con-
sists of introducing sufficient oxygen into either
the reactor or a regenerating chamber to burn off
the deposit, and, in the case of Fischer-Tropsch.
iron catalysts, the burning is followed. by fusion
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2 .
of the catalyst and reduction with hydrogen at
high temperatures.

I have found that, in the practlce of this. inven-
tion, the carbonaceous deposit can be easily and
continuously removed without: the necessity of
removal by oxidation and without removing the
catalyst from the reactor. ..

In accordance with the present 1nvent10n, the
carbonaceous deposits referred to. are removed
from the catalyst by passing upward through the
catalyst mags a gas under such conditions that
oxidation of the catalyst does not result and at -
a velocity sufficiently high that the carbon de-
posits on the surface of the catalyst, due to the
light, soft character. of. the carbon as compared
to the hard, dense nature of the catalyst, are
abraided from the ecatalyst and. carried out in
the effluent gas. stream by .the velocity of the
stream. If means of separation and return of the
catalyst to the reactor are provided, such as a
Cyclone separator or a-screen, it.has been found
that the catalyst still can be freed from carbon by
the process of this invention. In the case of the
Cyclone separator the gas veloc1ty can easily be
adjusted so that the carben. is blown out in the
effluent stream while the more dense catalyst is
thrown to the sides of the Cyclone separator in
the usual manner and returned to the reactor.
If a screen is used, the carbon particles are re-
duced to such a size that they easily pass through
the screen in the effluent gas stream while the
catalyst is returned to the reactor. The gas
utilized for abrading the carbonaceous deposits
may be any gas nonreactive with the deposits
under conditions of the process. Inert gases
such as nitrogen may be utilized as well as hy-
drogen, the synthesis gas mixture itself, or even
air, - provided ox1d1z1ng temperatures are not
present.

If it is not desired to- ‘carry out. the reactivation
in the reactor, the reactivation process may be
performed after either continuous or intermit-
tent removal of a portion of the catalyst to a
regenerator separate from the reactor where the
regeneration step is performed. After being
freed from the carbonaceous matter, the catalyst
is returned to the reactor. This provides a means
for utilizing this invention in a separate chamber
without necessitating an interruption. of the
synthesis process.

This invention is particularly adaptable to
reactions which: are conducted in the presence of
non-porous, metallic- catalysts and which are
accompanied by deposition of the carbonaceous
material chiefly on the surface of the:catalyst so
that: the deposit can: he removed readily by




abrasion. The flow rate used in the process of
this invention may vary between the minimum
flow rate required for fluidization and the trans-
port velocity; more specifically, the flow rate may
be estimated as about 0.6 to 5.5 feet per second
apparent linear velocity. The exact velocity used
in any part1cular case would, of course, depend
on the specific apparatus design and other factors
which would be considered in ordinary engineer-
ing practice. These velocities overlap those
generally used in the synthesis. reaction itself
and some abrasion of carbon would probably
occur during the reaction, but inasmuch as car-
bon formation is also occurring simultaneously,
there is no substantial decrease in surface carbon.
Thus, the abrasion must be carried out under
conditions such that little or no synthesis re-
action will occur. The temperature at which
this invention is carried-out is not critical pro-
vided no hydrocarbon synthesis and no oxida-
tion occur.  If the invention is practiced in the
reactor,
could be utilized; -although other temperatures,
for example room temperature, might be used,
particularly-if the carbon removal is conducted
in a vessel other than the reactor.

In Figure 1 of the accompanying drawings, the
process is carried out by regeneration in situ.

Cyclone separator { is-used to separate the cata-
lyst and to return the catalyst to reactor 2. The
carbonaceous matter and-the regenerating gas
are withdrawn through efiluent line 8. The cata-
lyst is returned to “the reactor through stand-
pipe 4, and it is' again picked up by the regen-
erating gas stream -entering through line 5 at
the bottom of ‘the reactor.

Figure 2 indicates an alternate method of re-
activating the catalyst in a regenerator 6, sepa-
rate from the reactor 1, which is provided with
inlet 10 and outlet. I1.
drawn from the- reactor either continuously or
intermittently through valve 8, and, after re-
activation by passing a regenerating gas such as
hydrogen through valved inlet 13 and upwardly
through the regenerator, the'catalyst is returned
to the reactor through line 9 by the application
of pressure within-regenerator 6. Valved line {2
is used for removing the carbon-containing re-
generation gas ‘and for applying inert gas pres-
sure-for returning the decarbonized catalyst to
reactor 1. 'The reactivated catalyst is picked up
by the influent synthesis gas entermg the reactor
through llne Itl
. Emmple

A fluidized iron’catalyst of 100-250 mesh whose
activity had declined  until it was giving only
709% conversion at a space velocity of 1500
volumes of synthesis gas per volume of catalyst
per hour was treated with hydrogen at 300° C.
at a linear velocity of one foot per second for 5
hours. During this time carbon was found to
come off the-catalyst, and, when the synthesis
process was resuried-in the reactor, the activity
of the catalyst had increased to 90% conversion
at a’space velocity-of 2500 volumes of synthesis
gas per volume of ‘catalyst per hour and at'a
substantially lower temperature than that used
previously. - . -

Other metallic catalysts generally used in
carrying out synthesis reactions of -the type de-
seribed herein may also be regenerated in accord-
ance with the present invention. In addition to
iron, Sintered or otherwise, cobalt or nickel is
commonly used. - In -theé:operation of the syn-
thesis reaction; the ratio of hydrogen to carbon
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monoxide will vary depending on the catalyst.
For nickel and cobalt catalysts, the opfimum
ratio is two parts by volume of hydrogen to one
of carbon monoxide. For iron catalysts, the
optimum range is between 1.5 and 1 volumes of
hydrogen per volume of carbon monoxide. The
temperatures at which the reaction may be car-
ried out also vary with the catalyst employed.
With nickel and cobalt the broad temperature
range is 180° to 350° C., the preferred range being
180° to 220° C. . With iron catalysts temperatures
between 240° and 320° C. are normally employed
but temperatures as high as 480° C. may be
utilized, particularly at reaction pressures in
excess of about 50 atmospheres.

The above example is g preferred embodiment
of my invention, but I do not limit myself to
the specific details since alternative methods of
performing my invention will be obvious to those
skilled in the art from my disclosure.

I claim:

1. A process for the reactivation of a finely
divided metallic catalyst which has been deacti~
vated by deposition of carbon on the surface
thereof during the synthesis of hydrocarbons
from carbon monoxide and hydrogen which com-~
prises suspending said finely divided metallic
catalyst ag a fluidized mass in a gas inert to said
surface deposited carbon at the temperature of
suspending whereby said finely divided metallic
catalyst is brought into contact with itseli to
abrade said surface deposited carbon from the
surface thereof, and removing the abraded car-

. bon in the effluent gas stream.
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2. A process for the reactivation of a finely
divided iron catalyst which has been deactivated
by deposition of carbon on the surface thereof
during the synthesis of hydrocarbons from car-
bon monoxide and hydrogen which comprises
suspending said finely divided iron catalyst as a
fluidized mass in a gas inert to said surface de-
posited carbon at the temperature of suspending
whereby said finely divided metallic catalyst is
brought into contact with itself to abrade said
surface deposited carbon from the surfaces
thereof, and removing the abraded carbon in the
effluent gas stream.

3. A process for the reactivation of a finely
divided iron catalyst which has been deactivated
by deposition of carbon on the surface thereof
during the synthesis of hydrocarbons from car-
bon monoxide and hydrogen which comprises
suspending said finely divided iron catalyst as a
fluidized mass in a-gas inert to said surface de-
posited carbon at the temperature of suspending
in the reactor in which said synthesis had been
carried out whereby said finely divided iron cata-
lyst is brought into contact with itself to abrade
said surface deposn:ed carbon from the surface
thereof and removing the abraded carbon in the
effluent gas stream.

4. A process for uhe,reactlvatmn of a finely
divided iron catalyst which has been deactivated
by deposition of carbon on the surface thereof
during the synthesis of hydrocarbons from car-
bon monoxide -and hydrogen which comprises
removing said catalyst from the reactor in which
the synthesis has been carried out, suspending
said catalyst as g fluidized mass in a gas inert to
said surface deposited carbon at the temperature
of suspending whereby said catalyst is brought
into contact with itself: to abrade said surface
deposited carbon from- the surface thereof, re-
moving the abraded: carbon in the efffuent gas
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stream and returning the resulting reactivated
catalyst to said reactor.

5. A process for the reactivation of a finely
divided iron catalyst which has been deactivated
by deposition of carbon on the -surface thereof
during the synthesis of hydrocarbons from car-
bon monoxide and hydrogen which comprises re-
moving catalyst continuously from the reactor
while the synthesis is being earried out, suspend-
ing the withdrawn catalyst as a fluidized mass in
a gas inert to said surface deposited carbon at
the temperature of suspending whereby said
catalyst is brought into contact with itseif 1o
abrade said surface deposited carbon from the
surface thereof, removing the abraded carbon in
the efluent gas stream and returning the result-
ing reactivated catalyst to said reactor.

6. A process for the reactivation of a finely
divided iron catalyst which has been deactivated
by deposition of carbon on the surface thereof
during the synthesis of hydrocarbons from car-
bon monoxide and hydrogen which comprises
suspending said catalyst as a fluidized mass in a
gaseous mixture consisting essentially of carbon
monoxide and hydrogen suitable for the syn-
thesis of hydrocarbons at a temperature below
that at which the synthesis reaction is effected
whereby said finely divided catalyst is brought
into contact with itself to abrade said surface
deposited carbon from the surface thereof and
removing the abraded carbon in the efluent gas
stream. )

7. A process for the reactivation of a finely
divided iron catalyst which has been deactivated
by deposition of carbon on the surface thereof
during the synthesis of hydroearbons from car-
bon monoxide and hydrogen which comprises
suspending said catalysts as a fluidized mass in
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a gas consisting essentially of hydrogen at
temperature at which hydrogen is inert to said
surface deposited carbon whereby said catalyst is
brought into contact with itself to abrade said
surface deposited carbon from the surface thereof
and removing the abraded carbon in the efluent
hydrogen gas stream.

8. A process for the reactivation of a finely
divided iron catalyst which has been deactivated
by deposition of carbon on the surface thereof
during the synthesis of hydrocarbons from car-
bon monoxide ‘and hydrogen which comprises
suspending said catalyst as g fluidized mass in a
stream of air under non-oxidizing conditions to
said surface deposited carbon whereby said cata-
lyst is brought into contact with itself to abrade
said surface deposited carbon from the surface
thereof and removing the abraded carbon in the
effluent air stream.
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