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~correspondingly increases.
: the cycle is often-called the “breaking-in” period.
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1

_ This invention relates to the synthesis of hy-

‘drocarbons by the. catalytic reaction of carbon

monoxide and hydrogen. It relates further to
an improved - method for reactivating catalyst
which has become spent in such a process.

In processes. of the Fischer-Tropsch type, in
which carbon monox1de and hydrogen are re-
acted in the presence of a catalyst to form hy-
drocarbons, the preduct contains hydrocarbons
ranging in molecular complexity from methane
‘to wax. During the course of the reaction, wax
accumulates on the catalyst surface until it im-

“pairs the activity of the catalyst to such an

extent that wax removal is necessary. In ac-
cordance with practice known to the art, when
sufficient wax has accumulated on the catalyst
to impair the activity, the catalyst is treated,

_under reaction conditions, with hydrogen or with
~an inert gas to remove the wax. Alternatively,

the ‘wax may be removed by treatment with a
suitable solvent. Such treatments necessitate
interruption of the carbon monoxide-hydrogen
conversion process and introduction of the proper

'gas or solvent into the system. Furthermore,

after eatalyst reactivation, when carbon mon-
oxide-hydrogen conversion has been resumed,
the product obtained during the initial part of

“the conversion cycle contains an undesirably
"high proportion of relatively undesirable prod-
ucts, chieflv methane and carhon dinvide,

and
eo:respondingly low proportions of desired liquid
hydrocarbons. .After a time, however, the

.methane content decreasss, and the proportion

of higher-boiling, more desirable hydrocarbons
The initial part of

10

15

20

25

‘80

The present invention prevides a convenient.

process. for removing wax from Fischer-Tropsch
catalysts, in which interruption of the carbon
‘monoxide-hydrogen reaction is minimized. In
adcfition, the dewaxed catalyst requires substan~
tially no breaking-in period after resumption -of
ths carfbon monoxide-hydrogen reaction process,
‘and the active life of the reactivated catalyst is

donger ‘than that of catalysts reactivated by

processes hitherto known to the art.
~An object-of the present invention is to pro-

-vide an.improved process for the synthesis of
. ‘hydrocarbons from carbon monoxide and hy-

drogen. A further object of the present inven-
tion is to provide an improved process for the
reactivation of catalyst which has hecome spent
by the geposition of wax thereon during & hy-

~ﬂr0can'b0n Synthesis reéaction of the Pischer~
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- ner known to the art.

‘Tropsth type. Another object of the present
invention is to permit such reactivation without
necessitating any change in the composition or
temperature of the synthesis gas. It is a still
further object of the present invention to re-
activate the eatalyst in such a manner that sub-
stantially no breaking-in period is required after
resumption -of flow of synthesis gas. Other ob-
jects will be readily apparent from the herein
‘disclosure.

In accordance with this invention, wax is re-
‘moved from ‘a Fischer-Tropsch catalyst by con-
tacting the catalyst with a mixture of carbon
‘monoxide and hydrogen, preferably in the same
molar ratio wsed in the Fischer-Tropsch feed
gas and under such conditions that the carbon
monoxide is substantially completely consumed
in the-first portion of the catalyst bed. Tem-
perature and pressure ‘during the wax removal
are preferably substantially the same as’ the
temperature and the pressure during the car-
hon monoxide-hydrogen reaction. Tt has been
discovered, however, that wax may be effectively
removed by operating at zero space velocify or
one which is substantially lower than that
utilized in the hydrocarbon synthesis and which
will not produce any substantial yield of higher
boiling hydrocarbon. The preferred space ve-
Yocity is zero, but may be as high as 10 gaseous
volumes per volume of catalyst per hour. The
time required for wax removal is ordinarily 3
to 12 hours. but longer periods may be used.

The hydrocarbon synthesis reaction for the
production of gasoline range and higher boiling
hydrocarbons may be carried out in the man-
In general, using cobalt
catalysts or those containing substantial por-
tions thereof, reaction temperatures in the range
of 175-225 C. may be uséd with the optimum
temperature being in the neighborhood of 185-
190 C. Ordinary iron catalysts operate best in
a narrow range close to 240 C. while sintered
iron catalysts require temperatures in the neigh-
borhood of 320 C.

The synthesis reaction is usually carried oub
at atmospheric or medium pressures, depending
on the composition of product desired and the
ratalyst used. A preferred range of pressures
suitable for general use is from 5 to 15 atmos-
pheres, but solid and liguid hydrocarbons may
e produced in good yields at pressures of at-
mospheric to 150 atmospheres or higher.

Flow. rates are variable, depending also on
ratass “tooling ‘meané used and products de-
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sired. Increasing contact time results in a lower
catalyst operating temperature and higher yields
per pass with less formation of methane. In
order to obtain a satisfactory rate of production
suitably rapid flow rates must be provided. With
cobalt catalysts, for example, space velocities of
about 95-115 cubic feet of synthesis gas per hour
per cubic foot of catalyst are usually preferred.
A space velocity of 113 cubic feet gives a con-
version of about 70 per cent per pass at 185 C.
With sintered iron catalysts, much higher space
velocities may be used, and velocities of 10,000-
30,000 cubic feet of synthesis gas per hour per
cubic foot of catalyst have given satisfactory
results.

Since the reaction is highly exothermiec, cool-
ing means must ordinarily be provided. Such
means include cooling tubes through which water
or other cooling fluid is circulated, such tubes
being positioned in or surrounding the catalyst
zone. - The use of direct heat exchange with
non-reactive liquids directly introduced into the
reaction zone has also been suggested.

The synthesis gas is usually composed of 2

- parts of hydrogen to 1 of carbon monoxide. For

iron catalysts which produce large amounts of

. CO2, however, the optimum ratio is 3 parts of

hydrogen to 2 parts of carbon monoxide. How-
ever, the composition of the synthesis gas may
vary from 1 to 3 parts of hydrogen for each part
of CO.

In addition to the iron and cobalt eatalvsts re-
ferred to herein, other desirable catalysts inclnde
nickel-maneanese-alumina oh, kieselguhr. nickel-
thoria on kieselguhr, and cobalt-thoria- copper on
kieselguhr.

One emhodiment of the invention is here de-
seribed with reference to the accommnanying draw-
ing, -which is a schematic flow-diasram of one

arraneement of aopnaratus suitable for nracticing
- the invention. Feed gas comvrising carbon mon-

oxide and hvdrogen. preferablv in a molar ratio
of about 1:2, enters reactor 3 through inlet 2.

- Reactor ? contains a- Fischer-Trovsch catalyst.

Specific reaction conditions in reactor 3 will de-
pend uvoon the specifie catalvst used. When the
catalyst consists of 100 varts by weight of cobalt,
18 parts of thoria. and 100 parts of siliceous ma-
terial such as Celite or kieselguhr, preferred re-

action conditions ‘are: temperature, about 200°°
© C.; pressure, about 100 p. s. i.; and space velocity,

about 100 gaseous volumes, measured at standard
conditions, per volume of catalyst per hour. It
is usually desirable to maintain carbon monoylde
conversion at about 70 per cent.

The efluent from reactor 3 is passed through
conduit 4 to separator 5 in which high-boiling
products, chiefly-‘wax, separate and from which
the high-boiling products are withdrawn through
ouflet 6, provided with valve 7. The unliquefied

- fraction of the effluent is passed through conduit

8, provided with valve 9, to separation means not
shown in the drawing. The separation means
usually comprises conventional fractionation
and/or absorption systems.

* When sufficient wax has accumulated on the
- catalyst to render the activity undesirably low,

valves T and 9 are closed. The space velocify
through reactor 3 consequently decreases to zero.
The temperature and the pressure remains sub-
stantially unchanged; the pressure may be main-
tained constant by means of suitable pressure
regulation apparatus not shown in the drawing.
The wax that has accumulated on the catalyst
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4
drains into separator b and may be withdrawn as
desired by manipulation of valve 1.

. When wax removal is substantially complete,
valve 9 is reopened, the space velocity through
reactor 3 is readjusted to about 100, and the car-
bon monoxide-hydrogen reaction process is re-
sumed.
Example I

A feed gas ¢omprising carbon monoxide and

. hydrogen in a molar ratio of 1:2 was converted to

liguid hydrocarbons in a Fischer-Tropsch sys-
tem by contacting with a catalyst consisting of
cobalt, thoria, and Celite in a weight ratio of
100:18:100. Reaction conditions were: tempera-
ture, 206 C.; pressure, 100 p. s. i.; and space ve-
locity, 100 gaseous volumes (at S. T. P.) of feed

per volume of catalyst per hour. Carbon mon-

oxide conversion was maintained at 67 per cent
until wax accumulation on the catalyst made fur-
ther operation unfeasible. The space velocity

“was then decreased to zero, and the feed gas was

“allowed to remain in contact with the catalyst
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-at 206 C. and 100 p. s. i. for 17 hours. The space

velocity was then increased to 100. The carbon
monoxide conversion was found to be 78 per cent,
and the initial efiluent did not contain undesir-
ably high proportions of methane and carbon di-
oxide.

Example 11

In the system described in Example I, carbon
monoxide and hydrogen were reacted at 187 C.,
100 p. s. i, and a space velocity of 100 gaseous
volumes per volume of catalyst per hour to ob-
tain liquid hydrocarbons. When the carbon mon-
oxide conversion had fallen to 52 per cent on ac-~
count of wax accumulation on the catalyst, the
catalyst was contacted with hydrogen at 187 C.,
100 p. s. i, and a space velocity of 100 volumes
per volume of catalyst per hour for 16 hours.

When the carbon monoxide-hydrogen reaction
was resumed, at 190 C., the carbon monoxide con-
version was over 80 per cent and the initial ef-
fluent contained a high proportion of methane.
After the reaction had continued for 8 hours, the
carbon monoxide conversion had decreased to 52
per cent. The space velocity was then decreased
to zero, and the carbon monoxide-hydrogen feed
was allowed to stand in contact with the catalyst
for 4 hours at 190 C. and 100 p. s. i.

The carbon monoxide-hydrogen reaction proc-
ess was resumed by increasing the space velocity
to 100. The carbon monoxide conversion was 62
per cent and remained substantially constant at
this value for over 24 hours. In contrast to the
reaction cycle following the reactivation of the
catalyst with hydrogen, no high initial yield of
methane was obtained. This indicates clearly
that the catalyst reactivated in this way does not
require a breaking-in period.

The reactivated catalyst was used continuously,
in alternate synthesis and regeneration periods in
accordance with this invention, for over 1000
hours, at the end of which time it was still readily
restored to activity substantially equal to that
obtained by the first reactivation w1th carbon
monoxide and hydrogen.

Satisfactory removal of wax and renewed ac-

" tivity of catalyst are also obtained by the use of

70

space velocities of carbon monoxide-hydrogen
synthesis gas mixtures ranging from 0 to 10, and
at temperatures of 175-320 C. and pressures of
atmospheric to 150 atmospheres or higher. Gen-

. erally, temperature and pressure conditions cor-

78

responding to those used in the reaction.are de-
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sired, since in this way the simplest type of re-
action-reactivation cycle may be achieved.

I claim: .

1. In a process for the synthesis of hydrocar-
bons from a synthesis gas mixture containing
carbon monoxide and hydrogen in the presence
of a catalyst for the reaction wherein said cat-
alyst is deactivated by deposition of wax thereon,
the meathod of reactivating said catalyst which
comprises contacting said catalyst with said syn-
thesis gas mixture at a space velocity substantial-
1y kelow that at which the synthesis reaction was
carried out and below that at which any sub-
stantial yield of hydrocarbons is effected, at a
temperature and for a period of time such that
substantially complete removal of the wax is
effected.

2. A process for the synthesis of hydrocarbons
from a synthesis gas mixture comprising carbon
monoxide and hydrogen which comprises con-
tacting said synthesis gas with a catalyst for
the reaction under reaction conditions of tem-
perature, pressure, and space velocity until said
catalyst is substantially deactivated by the de-
position of wax thereon, decreasing the space
velocity of the synthesis gas below that required
for the hydrocarbon synthesis reaction while
maintaining substantially reaction conditions of
temperature and pressure until the wax is sub-
stantially removed, and then increasing the flow
rate to the desired space velocity for the reaction.

3. A process according to claim 2 wherein the
space velocity during reactivation is from 0 to 10
gaseous volumes of synthesis gas per volume of
catalyst per hour.

4, In a process for the synthesis of hydrocar-
bons from a synthesis gas mixture containing
carbon monoxide and hydrogen in the presence
of an iron catalyst wherein said catalyst is de-
activated by deposition of wax thereon, the
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method of reactivating said catalyst which com-
prises contacting said catalyst with said syn-
thesis gas mixture at a space velocity lower than
the space velocity utilized during said reaction
and below the space velocity at which a conver-
sion of synthesis gas to hydrocarbons is effected
and at a temperature and for a period of time
such that removal of the wax is effected.

5. A process for the synthesis of hydrocarbons
from a synthesis gas mixture comprising carbon
monoxide and hydrogen which comprises con-
tacting said synthesis gas with an iron catalyst
under reaction conditions of temperature, pres-
sure, and space velocity until said catalyst is de-
activated by the deposition of wax thereon, de-
creasing the space velocity of the synthesis gas
below that required for the hydrocarbon syn-
thesis reaction and within the range of 0 to 10
gaseous volumes of synthesis gas per volume of
catalyst per hour while maintaining reaction
conditions of temperature and pressure until the
wax is removed, and then increasing the flow rate
of synthesis gas to the desired space velocity for
the reaction.

ALVIN H. FRIEDMAN.
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