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1 v
The present invention is concerned with an
improved hydrocarbon synthesis operation. It is
more specifically concerned with an improved
process for the treatment of the catalyst, and is
particularly directed fo a means of controlling
the temperature of a synthesis reaction immedi-
ately following the reduction of revivification of
the catalyst. In accordance with the process of
the present invention hydrogen, after the reduc-
tion of the catalyst, is displaced by methane be-
fore the introduction of synthesis gas.
1t is well known in the art to produce hydro-
carbon constituents containing more than one
carbon atom in the molecule by reacting hydro-
gen with oxides of carbon under suitable tem-
perature and pressure conditions in the presence
of & suitable catalyst, Usually in a process for
the production of hydrocarbon constituents con-
taining more than one carbon atom in the mole-
cule the preferred temperatures of the reaction
are in the range from about 350° F. to about
750° .
the desired producis it is very desirable that the
temperature not vary appreciably from the de-
sired operating temperature for & given catalyst.
The catalysts employed to aid the reaction are,
for example, cerium, chromium, cobalt, manga-
nese, osmium, palladium, titanium, zine, irom,
and oxides of other compounds of these metals.
Mixtures of these catalysis are also employed oF
are impregnated with suliapie agents adapted ic
increase their efficiency or strength. The cata-
lyst may be in any suitable form, such as a fluid
catalyst or may be pilled or in a granular form.
In operations of this character, it is necessary
to reduce the new charge of cetalyst before use,
converting the metal oxides to metals. - This is
normally accomplished by treating with hydro-
gen at temperatures in the range from aboub
500° F. to 1000° F., and at atmospheric or ele-
vated pressures up to about 400 1bs./sq. in. Also,
in operations of this type carbon, under certain
operating conditions, tends to build up on the
catalyst which reduces its activity. It is thus
necessary sometimes to revivify or regenerate
the catalyst which is generally done by treating
the catalyst at prescribed temperature and pres-
sure conditions with hydrogen gas. In g conven-
tional procedure after the catalyst has been
treated with hydrogen gas o reduce the oxide or
to remove the carbon from the catalyst to the
desired amount the hydrogen stream is discon-
tinued and the synthesis stream started. The
synthesis gas stream comprises oxides of carbon
and hydrogen.

Tn order to secure satisfactory yields of .
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has heretofore been rather difficult to control the
temperatures in the reaction zone, particularly
in initiating the reaction. For example, when
using & catalyst comprising iron oxide the tem=~
perature may rise in the first several hours to a8
high as 600° F. to 700° F. and at times as much
as 1000 F., when it is desired to maintain the
temperature at about 550° ¥. When this occurs
an unduly large amount of carbon is precipitated
or formed on the catalyst in the early stages of
the operation. Thus the life of the catalyst and
its activity is materially lessened. Various pro-
cedures and methods have been suggested for
controlling or reducing the carbon initially
formed on the catalyst at the start of the on-
eycle. We have discovered a process by which
it is possible to appreciably reduce the amount
of carbon formed on the catalyst in the early
stages of the on-reaction. In accordance with
the process of our invention, before actually in-
{roducing the synthesis gas stream we completely
purge the catalyst with an ineri gas such as
methane. .

The process of our invention may be readily
understood by reference to the drawings showing
modifications of the same. Figure 1 ilinstrates &
modification of our invention employing & fdxed
ped, while Figure 2 illustrates a meoedification
wherein g fiuid type caialyst is employed.

Referring. specifically to Figure 1 carbon mon-
oxide and hydrogen in desired ratio is introduced
into reaction zone i by means of feed lines 2

‘and 8. The amounts introduced are controlled

by means of valves # and 5. The temperature
and pressure conditions in reaction zone { are
maintained at the desired figure. Reaction zone
i contains & catalyst preferably selected from
the iron group, as for example, iron, cobalt or
nickel. After the desired time of contact be-
tween the vapors and the catalyst the reaction
products are withdrawn from reaction zone { by
means of line § and handled in any desirable man-
ner. Usually these products are passed to a dis-
tillation zone wherein fractions having the desired
specifications are segregated.

In accordance with the process of our inven-
tion, after the catalyst has become fouled with
carbon to the extent that its activity is reduced
and it is necessary to discontinue the synthesis
reaction, the carbon monoxide stream Is discon=
tinued.

We then continue to treat with hydrogen ab
the desired temperatures and pressures in order
to remove the carbon from the catalyst. This
reaction is conducted at a tempersture in the
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range from about 500° P. to 1000° F., preferably
with a temperature of about 600° ¥. to 800° F.
After the catalyst has been treated in g manner
to reduce the carbon to the desired value, we dis-
continue the introduction of the hydrogen
stream. Methane is then introduced into the
reaction zone { by means of line 1. Sufficient
methane is introduced into reaction zone | S0 as
to completely remove the hydrogen from the
catalyst. At this point we continue to feed
methane and to introduce synthesis gases com-
prising hydrogen and.carbon monoxide in the
desired ratio. We then progressively reduce the
amount of methane introduced until the gases
being introduced into the reaction zone { com-
prises 100% synthesis gases and continue the last
mentioned feed for the major portion of the
synthesis run.

Referring specifically to Figure 2, synthesis
gases comprising earbon monoxide and hydrogen
are introduced into reaction zone (0 by means of
lines 11 and {2, respectively. The reaction zone
contains a suitable fluid catalyst, the upper level
of which is at point L. The temperature and
pressure conditions are maintained in reaction
zone 10 at the desired level, After sufficient time
of contact, the reaction products are withdrawn
overhead from reaction zone {0 by means of line
13. When the activity of the catalyst due to
carbon formation is reduced to a point at which
it is no longer economical to run the reaction, we
stop the introduction of carbon monoxide and
continue to treat the catalysi or regenerate it by
introducing hydrogen and raising the temperg-
ture of the reaction zone to a temperature from
about 600° F. to 800° F. After the carbon content
of the catalyst has been reduced to the desired
value, we stop the introduction of hydrogen and
Introduce methane into reaction zone 1€ by means
of line 14. After the catalyst has been completely
purged of hydrogen, we start to introduce syn-
thesis gases comprising carbon monoxide and hy-
drogen and continue to progressively increase the
quantity of synthesis gases as compared with the
quantity of methane until no methane is intro-
duced.

The process of our invention may be widely
varied. In general, our invention comprises first
purging the catalyst with a methane gas in order
to completely remove the hydrogen utilized in the
regeneration of the catalyst and then to progres-
sively introduce a greater and greater quantity of
synthesis gases comprising hydrogen and carbon
monoxide until we no longer introduce any
methane. By operating in this manner, we are
able to control the temperature during the start-
ing of the reaction cycle and prevent it from
varying to any appreciable extent.

The temperatures employed in the synthesis
reaction may be widely varied. For example,
when using a cobalt catalyst, the temperature is
generally in the range from about 350° F. to about
450° F,, whereas when an iron catalyst is utilized
the temperature in the reaction zone is main-
tained in the range from about 550° F. to about
750° F. When employing a cobalt catalyst, we
use about two yolumes of hydrogen per volume
of carbon monoxide, whereas when an iron cata-
lyst is employed, it is the usual procedure to use
about one volume of hydrogen per volume of car-
bon monoxide. )

The process of the present invention may be
more fully understood by reference to the follow-
ing example illustrating the same. .
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Ezample 1

Spent iron catalyst was regenerated by treat-
ing with hydrogen gas at temperatures in the

range from 600° F. to 700° F. At the end of the

regeneration period methane gas was introduced
and gradually synthesis gases were introduced,
gradually building up to 1009 synthesis gases.
Throughout a 10 hour period of puiting the reac-
tor on stream, the temperature of the catalyst bed
was increased steadily from about 470° 7. to about
550° F. In other runs in which the present proc-
ess was not applied, the temperatures increased
to between 600° F. and 700° F. before control at
the desired temperature level of 550° ¥, was estab-
lished.

Example 2

Two runs were made using an iron catalyst.
In the first run, the catalyst was regenerated
using hydrogen and the synthesis gas was intro-
duced directly. In the second run, before the
introduction of the synthesis gases, the hydrogen
was purged with a methane stream. The results

of these two runs are as follows.

Per cent Carbon

On Catalyst
Synthesis Hours

Run1 Run 2
5 4.2 1.5
10. 4.7 2.5
15 4.7 2.8
20 4.8 2.9
25 4.8 2.9
30 4.8 3.0

From the above data, it is readily apparent
that if the catalyst is purged with methane before
the introduction of the synthesis gases, the
amount of carbon formed on the catalyst during
the initial hours will be materially decreased.

In accordance with our process the hydrogen
is completely removed from the reaction zone
prior to the on-cycle. This is extremely desirable
since the ratio of hydrogen to oxide of carbon
in the reaction zone will not vary during the
initial time of the on-cycle. Thus it is possible
in accordance with our invention, to predetermine
the ratio of hydrogen to oxide of carbon in the
feed gases with respect to the particular catalyst
and selected operating conditions and not have a
varying ratio of hydrogen to oxide of carbon in
the initial stage of the on-cyecle, which otherwise
would be the case.

The process of the present invention is not to
be limited by any theory as to mode of operation,
but only in and by the following claims in which
it is desired to claim all novelty insofar as the
prior art permits.

We claim:

1. An improved process for the synthesis of hy-
drocarbons containing more than one carbon
atom in the molecule which comprises treating
a finely divided fluidized iron type catalyst with
hydrogen, then treating said catalyst with meth-
ane gas in the absence of oxide of carbon, then
contacting said catalyst with synthesis gases com-
brising hydrogen and oxides of carbon in grad-
ually increasing amounts together with methane
under synthesizing conditions until the synthesis
gases represent 100% of the fresh feed to start a
synthesis run, and continuing the last-mentioned
feed for the major portion of the synthesis run.

2. The process of claim 1 in which the synthesis
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gases replace said methane completely within
about 10 hours.

3. A process in accordance with claim 1
in which the synthesis run is carried out at a
temperature in the range from about 550° F. to
about 750° P.

4. An improved process for the manufacture of
hydrocarbon constituents containing more.than
one carbon atom in the molecule which comprises
contacting a finely divided fluidized iron-~type cat-
alyst with & feed gas mixture comprising hydro-
gen and oxides of carbon at a temperature in the
range from about 350° to 750° F., withdrawing re-
action products overhead, discontinuing the in-
troduction of oxides of carbon after the hctivity of
the catalyst has decreased due to the foignation of
carbon and continuing to introduce hydrogen at
elevated temperatures, discontinuing the intro-
duction of hydrogen and introducing methane
gas in the absence of oxides of carbon, then
gradually introducing synthesis gases com-
prising hydrcgen and oxides of carbon to the

reaction zone to replace the methane in increas-.

ing amounts, until the synthesis gases represent
100% of the fresh feed to start a new synthesis
run, and continuing the last-mentioned feed for
the major portion of said synthesis run.

15

20

25

5. Process in accordance with claim 4 in which
the hydrogen is introduced alone into the reaction
zone at a temperature in the range of about 600°
T, to 800° F. and in which the synthesis gases are
introduced into the reaction zone maintained at
said contacting temperature. ‘

LLOYD B. SMITH.
ROBERT W. KREBS. -
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