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The present invention relates to the synthesis
of hydrocarbons, particularly hydrocarbons of -
more than ‘one carbon atom per molecule, from
carbon monoxide and hydrogen by a catalytic
process. The invention has particular reference
‘to the reactivation of catalysts employed in the
said process. - :

The major catalysts customarily employed in
the synthesis of hydrocarbons from hydrogen and
the oxides of carbon are nickel, cobalt and iron
and their oxides. The active metal and its oxide
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may be supported on & material of large surface. -

such as kieselguhr, silica gel, activated alumina,
or acid-treated clays. It is known to employ
along with the above metals or metal oxides
minor amounts of promoter oxides such as thoria,
magnesia, oxides of the alkaline earths or other
non-reducible oxides. It is also known to in-
clude in the catalyst minor amounts of readily
reducible oxides such as those of copper or silver
which oxides lower the temperature of the re-
duction that is necessary partially to reduce, in a
stream of hydrogen, the employed oxide of cobalt,
nickel or iron. In the case of nickel and cobalt
‘the reduction temperature is usually between
350° and 450° C. However, the reduction can be
' carried out at temperatures below 350° C. if high-
- er than atmospheric pressure or a readily reduci-
ble metal oxide is used. Iron catalysts are re-
ducible at temperatures between about 600° and
700° C.: the said reductions are not carried to
completion, the optimum degree of reduction be-
ing highest for nickel and lowest for iron. The
reduction can be carried out in a vessel designed
especially for the reduction step and be frans-
ferred before use into the synthesis zone or it
can be reduced in situ if the-temperature of re-
duction is lowered by the described means or if the
converter is suitable both for catalytic conversion
and also for the higher temperatures of reduction.
Following the reduction period the catalyst is
brought into contact with oxides of carbon and
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bon atom.- In this state the catalyst is commonly
considered to comprise a metal selected from the
group consisting in nickel, cobalt, and iron; the
oxide of the metal, the carbide of the metal, and
chemi-sorbed hydrogen. The activity of the cat-
alyst is & maximum when these components are
present in optimum proportions.

Although the catalyst remains active for rela-
tively long periods, depending upon the complete-
ness of which sulfur or like catalyst poisons are
removed from the synthesis gas, the temperature
and pressure used, and the type. of operation, its
activity ultimately is reduced by impregnation
of the catalyst with reélatively non-volatile prod-

5 ucts of synthesis such as relatively high melting

waxes, : .

Several methods have in the past been devised
to dewax the catalyst and otherwise partially
restore its activity. It is known, for example, to
pass-nitrogen or other inert gases at a tempera-
ture above that used in the-synthesis through
the deactivated catalyst and thereby remove the
restrictive coating of waxy material. It has fur-
ther been found that, when hydrogen passes over
the deactivated catalyst at.the temperature of
the synthesis or higher, say 200° C. to 250° C.,
s dewaxing and a partial restoration of the ac=
tivity of the catalyst will be obtained.

When the above described dewaxing with:an
inert gas is employed the restoration.of the ac-

. tivity of the catalyst is less complete. PFurther-
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more, the utilization of hot hydrogen gas to re-
activate the catalyst appears to affect in some
manner the surficial character of the catalyst
so that before synthesis operation can again be
obtained, the catalyst must be subjected to an
induction period, during which period hydrogen

- and oxides of carbon are passed over the cat-
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hydrogen at carefully controlled temperatures. .

During this preliminary treatment with carbon
monoxide and hydrogen, the principal hydrocar- .
bon synthesized is methane. During this period
the metal of the catalyst undergoes a partial
transition into the corresponding metal carbide.
Thereafter the so-treated catalyst is suitable for
synthesis of hydrocarbons of more than one car-

alyst at a temperature below the temperature
employed in. the synthesis operation, and prin-
cipally methane is formed. It is believed that
the function of the induction period is to form '
a layer of metal carbide on the catalyst, which -

. layer, in turn is an effective agent in the subse-
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quent hydrocarbon synthesis. It appears, there-
fore, that activation treatment of deactivated
catalyst with hydrogen at high temperature re-
moves this carbide layer since an induction period
is necessary after such treatment to restore the
catalyst to its former specific nature.
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The primary object of the present invention is
the provision of novel methods and means where-
by catalysts employed in the described hydrocar-
bon synthesis can be restored to or maintained
in a high state of specific activity including the
regeneration of the active surficial nature of the
catalyst, and whereby such reactivation can be
obiained without destroying the layer of metal
carbide or other active characteristic of the cat-
alyst which would otherwise have to be restored
in a prolonged induction period.

Another object of the invention is the pro-
vision of a simple method for the restoration of
the surflcial activity of a deactivated catalyst
which has been dewaxed by the use of a solvent
or & hot inert gas. .

A further object of the said invention is a pro-

vision of an improved method of hydrocarbon
synthesis employing a recirculated fluid catalyst
whereby a high level of conversion can continu-
ously be obtained. .

The invention has for further objects such
other operative advantages or results as may be
found to obtain in the processes or apparatus
hereinafter described or claimed.

Briefly staved, the present invention consists
in bringing into contact with deactivated cata-
lyst hydrogen gas at relatively low temperature
and thereby effecting a restoration to its former
specific activity. The low temperature hydrogen
treatment may be applied after a dewaxing step
for the removal of heavy hydrocarbons from the
surface of the catalyst by dissolving the wax in
a solvent such as benzol or by treatment with
hot inert gas such as nitrogen; or, in some in-
stances, the hydrogen treatment at temperatures
below those used in the synthesis may be em-
ployed alone to provide reactivation of the said
cetalyst. The described hydrogen treatment at
moderate temperatures provides an especially
high activity in the catalyst during the first
hours of synthesis operation and is therefore par-
ticularly well adapted to that synthesis process
in which the catalyst is employed in a highly com-~
minuted state, and is circulated, as a fluid in
the synthesis gas through the reaction zone and
through a catalyst~ and synthesis-products sepa-
rating zone. The separated catalyst is thereafter
returned to a stream of additional synthesis gas
and is therewith flowed into the said reaction
zone. In combination with such a cyclic process,
the high activity of reactivated catalyst during
the first few hours of synthesis reaction pro-
vided by the hydrogen treatment of the invention
is particularly beneficial since it can be con-
tinuously restored by recirculative treatment
whereby the catalyst is constantly at the said high
state of activity.

It has furthermore been found that control of
the initial reduction period, especially in respect
of the temperature of the hydrogen employed
in the said reduction, will provide a catalyst of
such ratio of metal to metal oxide that the said
catalyst will be particularly susceptible to the
hydrogen treatment. The combined factors of
the described hydrogen reactivation period and
the temperature control during the initial redve-
tion period provide an enhanced catalytic activity
that especially in the continuous recirculated-
catalyst process provides high yields and is of
marked economic utility.

The accompanying drawing forming a part of
this specification and showing for purposes of
exemplification the preferred apparatus and
method in which the invention may be embodied
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4
and practiced, but without limiting the claimed
invention specifically to such an fllustrative in-
stance or instances, the figure is a flow sheet or
diagrammatic elevational view partly in verti:al
cross section of apparatus for the synthesis of
normally liquid hydrocarbon from hydrogen and

- oxides of carbon in which the employed catalyst

is continuously recirculated.

Referring now the drawing, synthesis gas con-
taining oxides of carbon, predominantly carbon
monoxide, and hydrogen in a ratio from 1.5 to 1
to a ratio of 0.3 to 1 is passed into a catalytic
converter 2 through & line 6 into a blending line
4 through which also may be returned recircu-
lated effluent from converter 2. The carbon
monoxide and hydrogen which may have been
manufactured in a water gas set or other suitable
means are delivered to the process-apparatus
herein described through line 8 and thence into
& heater 10. The gases which have been heated
in heater 10 flow therefrom through a line {2 and
thereafter into line 6 in which they are mixed
with finely powdered catalyst which is delivered
by a star feeder 14 from storage means therefor.
Mixed gases and suspended catalyst flow from
the said blending pipe 4 into the converter 2
which contains vertically disposed reactor tubes
16. It has been found preferable to operate with
a relatively high linear vapor velocity in the re-
actor tubes in order to provide a better distri-
bution of catalyst throughout the entire length
of the tube and a turbulent condition of suspended
catalyst, which favors uniformity of tempera-
ture conditions especially in reference to the sur-
face of the catalyst and an improved heat trans-
fer indirectly through the walls of the tube. A
preferred space velocity has beén found to be be-
tween 500 and 5,000 volumes of gas under stand-
ard conditions per volume of catalyst tube space
rer hour. Therefore in reactor tubes of from 2’/
to 4’* in internal diameter and of approximately
20’ to 30’ in length, it is preferable to use space
velocities of from 2,000 to 4,000, or preferably
about 3,000, volumes of gas measured at standard
conditions per volume of catalyst tube space per
hour. The vapor velocity of the synthesis gas
is sufficiently low that the catalyst will tend to
remain in the catalyst tube longer than that vol-
ume of gas with which it was introduced into the,
converter, but it is also sufficiently high that the
catalyst will be maintained in a suspended dis-
persion throughout the entire vertical lengths of
the reactor tubes. The reactor tubes 16 are sur-
rounded and cooled by a cooling fluid, such as
water, which is delivered through an inlet pipe 18
and is expelled through outlet pipe 20.

The effluent from the converter 2 which com-
prises unconverted synthesis gases, converted
hydrocarbon products, and suspended catalyst
powder, is withdrawn from the converter through
a line 22 and a major portion thereof may be
recycled through a line 24 containing a valve 26
to the said converter 2 by means of centrifugal
pump 28. A heat regulating means 30 is disposed
in the line 24 between the said centrifugal pump
28 and the converter. Said heat regulator means

- 30 so maintains the temperature of the recycled
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gases, which are bled at a measured rate into
the blending zone of the line 4 by regulation of
the valve 32, also disposed in the line 24, that the
gaseous admixture and suspended catalyst enters
the converter at controlled temperature. In the
instance of operation in which cobalt is used as
the catalyst, the inflowing gases are maintained

75 at a temperature between 180° and 220° C.
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A minor portion of the efiuent stream of un-
converted synthesis gas, product gases, and cat-
alyst from the converter 2 is flowed through a
line 34 and is passed therefrom through a series
of centrifugal separators 36, 38 and 40, The
separators function to separate suspended caf-
alyst powder from synthesis and product gases.
They are operated at high temperature to preveat
product condensation or moistening thereby, and
consequent agglomeration, of the separated cat-
alyst. .

The separated catalyst flows downward from
the separator 36 into & dewaxing chamber 42 and
from separators 38 and 48 through a chute 44
into the said chamber. Hot gas, at & tempera-
ture from 200° to 400° C. is flowed into the
chamber 42 through a pipe 48 and up through
the chamber counter-currently to the descending
catalyst powder therein. This flow of hot gas
serves simply as an inert heat transfer medium
to dewax the surface of the catalyst. Hydrogen
can be used at a lower temperature within the
stated range in which case the hydrogen, being
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only briefly in contact with the catalyst and at °

the said lower temperature, acts simply as an
irert, heat-carrying gas. The dewaxing step
need not be operated constantly during the con-
tinuous process of catalysts but only when some

waxy material has accumulated on the catalyst-

surface. .
An advantage of using hydrogen is that there
is no loss of the gas since after it has passed
through the dewaxing chamber 42" it may be
flowed through a valved line 48 into the stream
of gases in pipe 34 and thence be recirculated to

the converter 2 and be used in the manufacture .

of a further quantity of hydrocarbons. Nor is

there loss of suspended catalyst since any of it .

which may be carried out of chamber 42 is also
recirculated with the said hydrogen. )
Another advantage secured by the use of hy
drogen in chamber 42 is that when no dewaxing
is necessary, the chamber can be used a&s a pre-
liminary cold-hydrogen treating zone and hy-
drogen can be passed from pipe 48 at preferably
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gtorage atmosphere that is reducing, and, most
importantly, of restoring the surficial activity of
the catalyst which is believed to be provided
by an adherence of hydrogen molecules thereto.
A preferred embodiment of invention contem-
plates a hydrogen temperature in the chamber
85 of about 50° C. The catalyst passes so slowly
through the said chamber that it remains in
contact with hydrogen for the relatively long
period of from 0.5 to 5 hrs. Unconsumed hy-
drogen passing from the chamber 88 through the
pipe 68 can be recycled to the said chamber 58
and be flowed through line 57 thereinto. Since
very little production of other products occurs
in the chamber §5, hydrogen can be recirculated
until, after a long period, it has become con-
taminated by the accumulation of minor by-
products of regeneration. Reactivated catalyst -
flows slowly through the grill 56 and is recycled
to the catalytic converter 2 by means of the
star feeder 14 from which it is delivered into .
the said pipe 4. ,

Synthesis and hydrocarbon products of cat-

" alysis flow from the third centrifugal separator

40 through a line 62. These gases may contain
a minute amount of suspended catalyst dust.
Consequently special dust separating means 64
is provided, which means may be simply & baflle
tank in which the velocity of the gas is con-
siderably reduced, or, in case the employed cat-
alyst contains reduced iron or a magnetic oxide
content the separating means may be magnet-
ically operated and comprise plates carrying in-
duced magnetic charges. Separated catalyst dust
may be periodically withdrawn from the separat- -

. ing :means 64 through a pipe 66. A by-pass

around ‘the separator 64 is provided by a valved

pipe 88.

Synthesis and hyd}ocarbon gaSes flow from the
separator 64 or the by-pass line €8 to valved pipe

"~ 10 into a condenser 12 which is supplied conven-
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a temperature of about 50° C. into countercur- -

rent contact with descending catalyst.

The catalyst can, as an alternative method,
be dewaxed by treatment in the chamber 42 with
a solvent in which case the resultant slurry of
catalyst and solvent can continuously be centri-
fugalized and thereafter flltered and dried by
known apparatus not shown,

Catalyst is fed from the bottom of the chamber
42 by a gas-sealed feeder 88 into a cooler 5t
having inlet and outlet pipes 52 and 83 respec-
tively for cooling fluid. Cooled catalyst is de-
livered therefrom by a star feeder 84 into a re-
generator chamber 88 in which the finely divided
catalyst rests loosely upon a supporting grill §6.

Cold hydrogen is introduced through a valved
pipe 57 into the said chamber §5 and therein
flows upwardly through interstices in the said
grill 56 and through accumulated catalyst par-
ticles resting thereon. The hydrogen is passed
through the said chamber 85 at very low velocity
and therefore carries with it substantially no

- suspended catalyst. The hydrogen passes around
a baffle 58 that is arranged in the upper part
of said chamber 55 and escapes therefrom
through-a valved line 60.
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tionally with inlet and outlet water pipes 74 and
78, and in which heavier hydrocarbon products
are condensed. The condensate and condensed
gases are flowed from the condenser 72 through
a line 18 into a separator 80, in which the con-
densate collects and separates into layers. A
lower .aqueous layer which contains a small
amount of alcohol is drained from the seéparator
through a pipe 82, and its upper layer which
contains hydrocarbon oils is flowed from the
separator 80 through a valved line 84 to storage.

Unconverted synthesis gases, uncondensed gas-
eous products such as methane, and hydrocarbon
vapors flow from the separator 80 through a gas

" line 86 into an oil scrubber 88 in which the said
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gases rise in countercurrent flow to a descending
flow of absorbent heavier hydrocarbon oil. Sub-
stantially all those hydrocarbons heavier than
methane which are contained in the delivered
gases are absorbed in the scrubber 88 by the ab-
sorbent hydrocarbon oil. The enriched absorbent
oil from scrubber 88 flows through a valve line 88
into a stripper 92 having a reboiler steam.coil
section 84. Therein the absorbed hydrocarbons
are recovered substantially completely by vapor-

" ization. The so-liberated lighter hydrocarbons

70

The hydrogen in the:regenerative chamber &5 ‘

serves the function, by flowing through the ac-

"~ cumulated catalyst, of maintaining the same in

a finely divided, unpacked state, of providing a

flow from the stripper 82 through the valved pipe
88 to storage means, not shown. Absorbent oil
from which a lighter hydrocarbon has been
stripped is returned through line 98 and valved
line 100 to the said scrubber 88, A valved line
102 is provided for removal of heavy oil.
Unabsorbed gases comprising substantially only

78 hydrogen and oxides of carbon &nd, in minor
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amounts, methane are flowed from the scrubber
88 through a valved pipe 104 whence it can be re-
circulated to the conversion system through a
valved line 108 by means of a centrifugal pump
109 disposed therein or, whenever the hydrogen
and carbon monoxide has become over-contam-
inated with methane or inert gases, it can be
vented to combustion or storage means by open-
ing valve 110 disposed in a line (12,

The feature of recirculation of catalyst and con-
version gases as described in the above given pre-
ferred embodiment of invention has an important
advantage in that great flexibility of operation
is thereby obtained. The linear velocity in the
catalyst tubes of the synthesis gases is very crit-
icel, since it is related not only to the efficiency
whereby the powdered catalyst is maintained in
contact with the reacting gases, but also to the
dissipation of the exothermic heat of reaction.
The optimum linear velocity depends upon tne
particle size of the catalyst, the density of the
gases, and the turbulence required. In general
more turbulence is required for heat removal from
especially active catalysts. The optimum linear
velocity through the vertical tubes can be main-
tained at a pressure most advantageous for opti-
mum operation by means of the controlled recir-
culation of a desired fraction of the total effluent
gases. By heating or cooling the described re-

circulated stream of synthesis and hydrocarbon 3

gases, and suspended catalyst, it is possible to
control the inlet temperature of gases to the con-
verter within narrow limits.

The catalytic converter 2 is preferably operated
under pressures of one to fifteen atmospheres.
When a catalyst comprising cobalt is employed,
optimum pressures are between one to three at-
mospheres, whereas when iron or iron oxide is
employed in the catalyst a higher pressure is of
advantage..

The following specific examples are reported for
the purpose of illustrating the invention:

Example I

A cobalt-type catalyst which had been em-
ployed in hydrocarbon synthesis for a period of
eight weeks and which thereafter had been de-
wazxed at 260° C. exhibited in further synthesis
operation a conversion efficiency calculated on the
basis of reduction in volume of the synthesis gases
of 31%. Thereafter a reactivation of the catalyst
by treatment thereof with hydrogen at 190° C.
for one hour increased the average efficiency of
the catalyst in subsequent synthesis operation to
34.5%. A second reactivation treatment of the
catalyst with hydrogen at 25° C. for eight hours
increased the average efficiency of the catalyst to
459 with an initial peak efficiency as volume re-
duction of approximately 50%. A further re-
activation of the catalyst which had become de-
activated to an efficiency of 30%, with hydrogen
cooling the catalyst-to 25° C., and for 50 hours,
increased the average efficiency in subsequent
synthesis operation to 46.5%.

Example II

A deactivated cobalt-type catalyst was treated
with hydrogen by the previously known method
of employing the activating hydrogen at the high
temperature of 240° C. An increase in catalyst
efficiency was obtained, but such increase was
short-lived, the efficiency in volume reduction
dropping rapidly during the first period of subse-
quent synthesis operation. A second reactivation
of the catalyst by the method of invention with
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7%

hydrogen at room temperature increased the
initial efficiency of the catalyst to a volume reduc-
tion of 70%. An average efficiency of this cata=~
lyst of over 50% persisted for over forty hours.
A test in the nature of a blank run in which car-
bon monoxide instead cf hydrogen was employed
under conditions identical to those obtaining in
the above described cold-hydrogen reactivation
was found to reduce the catalyst efficiency ap-
proximately 7%.

When deactivated catalyst is pretreated with
hydrogen at an elevated temperature before the
cold-hydrogen treatment of invention and such
pretreatment is for but a brief period so that only
a minor portion of the surficial metal carbide is
converted to metal, the activity of the catalyst in
subsequent conversion synthesis is very high and
excessive methane production periods and in-
duction periods are avoided.

An advantageous feature of the described pre-
ferred embodiment of invention is the fact that
a continuous operation of the catalytic converter
results. A further important advantage is that
a substantial reduction in the rate of deposition
of waxy material on the catalyst is found to ob-
tain when catalyst which has been reactivated
by treatment with cold hydrogen is thereafter
employed in hydrocarbon synthesis. The cata-
lyst may be continuously or intermittently de-
waxed without interruption of the normal syn-
thesis, - :

The invention as hereinbefore set forth is em
bodied in particular form and manner but may
be variously embodied within the scope of the
claims hereinafter made. .

I claim: )

1, In a cyclic process of catalytic synthesis of
normally liquid hydrocarbons from hydrogen and
carbon monoxide comprising, the step of passing
hydrogen and carbon monoxide gases into a syn-
thesis zone in which the temperature is at least
about 180° C. and therein reacting the same in
the presence of a2 high activity powdered solid
hydrogenation catalyst selected from the group
consisting of nickel, cobalt, iron and their oxides,
suspended in said gases and forming an active
metal carbide layer on said catalyst, the step of
removing said catalyst from said synthesis zone

‘after a period of synthesis reaction with conse-

quent reduction in catalytic activity to an ef-
ficiency of about 30% normal activity as meas-
ured by percentage volume reduction in cata-
lyzed gases and introducing the deactivated cata-
lyst into direct contact of a stream of hydrogen
gas at a temperature of about 50° C. for a period
of 0.5 to 5.0 hours to thereby regenerate the ac-
tivity of the catalyst without destruction of the
carbide layer on the surface of the catalyst to
prepare it for return to the synthesis zone.

2. In a cyclic process of catalytic synthesis of
normally liquig hydrocarbons from hydrogen
and carbon monoxide comprising, the step of
passing hydrogen and carbon monoxide gases
into a synthesis zone in which the temperature
is at least about 180° C. in the presence of a high
activity powdered solid hydrogenation catalyst
selected from the group consisting of nickel, iron,
cobalt and their oxides, suspended in said gases
and forming an active metal carbide layer on
said catalyst, the step of removing said catalyst
from said synthesis zone after a period of syn-
thesis reaction with consequent reduction in
catalytic activity to an efficiency of about 30% of
normal activity as measured by percentage vol-
ume reduction in catalyzed gases, and introduc-
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)

ing the deactivated catalyst into direct contact
of a stream of hydrogen at a temperature of
about 25° C. for a period of eight to fitly hours
to thereby regenerate the activity of the catalyst
without destruction of the carbide layer on the
surface of the catalyst to prepare it for the re-
turn of the catalyst to the synthesis zone. .

' EDMOND L. »’OUVILLE.
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