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: 1

This invention relates to the hydrogenation of
carbon oxides and particularly to the hydrogena-
-tion of carbon monoxide to form hydrocarbons,
oxygenated hydrocarbons and the like by con-

stantially below the desired synthesis tempera-
tures so as to effect substantial conversion of
the catalyst metal to the carbide form. The re-
sulting carbided catalyst is thereafter reéturned
to the synthesis reactor, preferably while at re-
duced temperature. Preferably the removal of
the solidifiable material is effected by treatment
with hydrogen at elevated temperature under re-
ducing conditions. Thereafter the catalyst tem-

perature is reduced to a temperature in the range 5

of ‘about 200 to 250° ¥, Synthesis gas, initially
at relatively low temperature, is thereafter passed
in contact with the catalyst under conditions
50 as to raise the catalyst temperature slowly to
substantially the reaction temperature range; for

55

example, the temperature of the catalyst is rajsed "

-at the rate of about 2 to 30° F. per hour over a

period of at least several hours. ’
The regeneration of a synthesis catalyst by the

tact with a hydrogenation catalyst in solid par- 5 Uuse of hydrogen at elevated temperatures, that is,
ticle form. i in the range of about 350 to 800° F. removes ac-
The invention contemplates reacting carbon tive carbide layers or centres as well as the solid-
monoxide and hydrogen by passage in gaseous ifiable or waxy material deposited upon the cat-
form in contact with a fluidized powdered syn- alyst. Restoration of these active carbide layers
thesis catalyst such as a catalyst comprising a 10 is essential for the direction of the hydrogena-
metal or metals of the iron group at a tempera- tion of carbon monoxide towards the synthesis of
ture within a predetermined reaction tempera- desired hydrocarbons and oxygenated hydrocar-
ture range. During continued use the powdered bons. The conditioning of the catalyst after re-
catalyst becomes contaminated with solidifiable generation in accord with the method of this re-
reaction products. Resulting contaminated cat- 15 action results in restoration of these essential in- -
alyst powder is drawn off from the reaction zone, termediate carbide layers at a reduced tempera-
treated so as to effect removal of the solidifiable ture which is favorable for the formation of me-
'material, reactivated and then conditioned by tallic carbides. . . .
contact with synthesis gas at temperatures sub- The reaction by which the metallic carbide lay-
stantially below the aforesaid predetermined re- 20 ers are formed is a highly exothermic one and
action temperature range. is illustrated as follows for the formation of iron
In my co-pending application S. N, 570,223, carbide: o ‘ :
filed December 28, 1944, for Hydrogenation of 3Fe 4 CO+H2-FesC+Hz0
carbon oxides, I have disclosed remioving the 3Fe42C0-Fe3C+CO;
solidifiable or waxy material deposited upon the 25 ’
catalyst either by solvent extraction or by treat- At about 350° F'.,, the formation. of iron carbide—
ment with hydrogen at elevated temperatures, in which is in the alpha form at this temperature—
situ. : by the first of the two reactions illustrated above
In accordance with the present invention, the .. I8 exothermic to the extent of about 26,300
synthesis is effected by contact with powdered or 30 calories, which formation of iron carbide by the
finely divided catalyst in a fluidized state, Pro- second reaction illustrated above is exothermic to
vision is made for removing a portion of used the extent of about 35,400 calories at 350° F.
catalyst continuously or intermittently from the Since the carbide-forming reaction is exother- -
synthesis reaction zone and without necessarily mic, the employment of reduced temperatures for
discontinuing the operation of the synthesis re- 35 the formation of the carbide is advantageous.
actor. The removed portion of catalyst powder From the standpoint of reducing the total quan- -
is treated to remove solidifiable constituents and tity of heat liberated in the synthesis reactor, it
effect reduction of catalyst metal and then sepa- is advantageous to effect carbiding of the catalyst
rately treated with cool synthesis gas or a gas metal in a separate or conditioning zone. ]
rich in carbon.monoxide at temperatures sub- 40  The invention has particular application to a

fluidized powdered catalyst operation carried out
at temperatures such that solidifiable or waxy
products of reaction solidify within the pores and
upon the surfaces of the catalyst particles. The
deposition of waxy material upon the catalyst
particles results in the formation of aggregates
or lumps of catalyst, and these resulting aggre-
gates or lumps settle to the lower portion or to
the bottom of the fluidized catalyst reactor. Thus,
the so-contaminated catalyst fails to remain uni-
formly fluidized within the reactor and also
ceases to be effective as g catalyst. - ' .

The hydrogenation of carbon monoxide to pro-
duce hydrocarbons and the lke is highly exo-
thermic and in order to control the temperature
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within the reaction zone, it is necessary to pro-
vide means for removing this exothermic heat of
" presction. This is advantageously accomplished
by providing heat exchange surfaces within the
fluidized reactor adapted to bring about indirect
heat exchange between the fluidized catalyst and
a suitable heat carrier medium, - Consequently,
it is essential to maintain even fiuidization of the
catalyst powder throughout the reaction zone
through which the heat exchange surfaces ex-
tend. It has been found that when fluidization
of the catalyst powder in a dense phase is main-
tained along the entire heat exchange surface,
" & relatively high rate of heat exchange is se-
cured. Therefore, an important advantage of
the present invention resides in maintaining the
catalyst powder in a condition which favors re-
alizing uniform fluidization throughout the re-
action zone during continued use of the catalyst.
Deposition of waxy products of reaction upon
. the catalyst is more pronounced when the syn-
thesis reaction is carried out at temperatures in
the range below about 550° F., and therefore the
present invention is particularly applicable as a
means for facilitating the employment of the
fluidized powdered catalyst technique for the
synthesis of hydrocarbons and the like from car-
bon monoxide and hydrogen at temperatures in
the range below about 550° F. However, wax
deposition takes place even above 550° F., and
the invention is applicable when the synthesis
reaction is carried out at higher temperatures.
The invention will now be_described with ref-
erence to the flow diagram illustrated in the ac-
companying drawing. As there indicated, a
stream of carbon monoxide and hydrogen com-
prising about 1 volume of carbon monoxide to 2
volumes of hydrogen is drawn from g source not
shown through a pipe { which leads into a heater
2 wherein the synthesis gas mixture is heated
prior to its contact with synthesis catalyst. The

gas is introduced to the lower portion of a re-
_actor 4 through a pipe 8.
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The temperature to, which the synthesis gas is "'

preheated depends upon the catalyst which is
used. Thus, the carbon monoxide and hydrogen
may be heated to a temperature of about 325 to
375° F, prior to introduction to the reactor when
using a cobalt catalyst.

A mass of powdered catalyst § is maintained’

within the reactor. This catalyst may be a cobalt-
magnesia-thoria catalyst having s composition
of approximately 329% cobalt, 649% filter cel and
4% thorium and magnesium oxides. If is in the
form of a powder which may have a mesh in the
range of about 100 to 400.

The synthesis gas is caused to rise through the
catalyst powder at a velocity sufficient to main-
tain the catalyst in a state of dense phase fluidi-
zation without substantial entrainment of the
catalyst particlesin the effluent vapor stream from
the reactor.

The reaction temperature within the reactor is
advantageously maintained within the range
about 365 to 450°.F. Under these conditions, the
carbon monoxide and hydrogen veact to form
primarily normally liquid hydrocarbons.

As indicated, a tubular heat exchanger element
8 is positioned within the reactor. A heat car-
rier liquid is introduced from a source not shown
through a pipe 71 to the coil § and discharged
therefrom through a pipe 8. The heat carrier
liquid may be water, oil or some other organic
compound such as diphenyl. The exchanger 6
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heat carrier liquid is caused to circulate through
the exchanger so as to remove the exothermic
heat in sufficient amount to maintain the reaction
temperature within the predetermined limits de--
sired. ’

Unreacted synthesis gas and the resulting syn-
thesis products comprising carbon dioxide, wa-
ter, gaseous hydrocarbons and normally lquid
hydrocarbons, including gasoline hydrocarbons
and higher boiling hydrocarbons, are continu-
ously removed from the reactor through a pipe 9
and passed to a suitable condensing, separating
and fractionating system wherein separation is
effected between gaseous components, water and
hydrocarbons, etc.

A small portion of the total catalyst confined
within the reactor 4 is continuously drawn off
from the bottom thereof through a standpipe 0.
This withdrawn catalyst comprises catalyst par-
ticles which have become contaminated with
waxy products of reaction. The catalyst may
be conducted by a mechanical conveyor or by
jetting with gas through a conduit {o a storage
vessel 13,

Hydrogen Is obtained from a source not shown
through a pipe i1 and is divided into a major and
minor stream, The minor stream passes along a
pipe 12 which the used catalyst enters from the
synthesis reactor 4 through the standpipe 10.
The used catalyst is carried along the pipe 12 by a
relatively cool hydrogen gas stream and is intro-
duced into a vessel 3.

In the vessel 3, the catalyst is first freed of
adsorbed synthesis gas by purging with hydrogen
at relatively low temperature so as to avoid car-
bonaceous deposits being formed on the catalyst
during the subsequent regeneration with hydro-
gen. The effluent from this purging treatment,
which comprises mainly hydrogen and minor
quantities of carbon monoxide, leaves the vessel .
{3 through a pipe (2 and is introduced into the
pipe 9 through which the efiuent from the syn-
thesis reactor flows. The efiiuent from the ves-
sel. {3 may be used to enrich the hydrogen con-
tent of the recycle gas which is separated from
the effluent of the reactor 4.

After the used catalyst is purged of residual
synthesis gas in the vessel 13, which may be as-
certained by the absence of carbon monoxide
in the efluent therefrom, catalyst is withdrawn
from the vessel §3 through a standpipe ¢85 which
flows into a conduit {8. :

The major portion of the hydrogen stream
which is obtained through the pipe 1! passes
along g pipe 18 into a heater §7 in which it is
raised to an elevated temperature, preferably
in the range of 600 to 800° F. The hydrogen at
an elevated temperature leaves the heater %
through conduit §8. The hydrogen stream is
used to convey the purged catalyst along the con-
duit {8 into a regenerator 8. The regenerator
18 may comprise a tower through which the con-
taminated catalyst flows countercurrently to a
rising stream or body of hydrogen gas. If de-
sired, the regenerator may be in the form of a.
closed vessel provided with an agitating mech-
anism adapted to propel the contaminated cat-
alyst through the vessel and effect intimate con-
tact between it and the hydrogen gas. The re-
generator {9 may also be of the “fluid” type as
illustrated wherein the hydrogen gas is passed
through the regenerator at a velocity sufficient
to maintain the catalyst, during regeneration, in

- may serve as & steam generator. At any rate, the 75 a fluidized state without substantial entrainment
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of the catalyst particles in the effluent gaseous
stream from the regenerator 19.

The treatment with hydrogen gas is carried
out at a temperature of abott 450 to 800° F. and
under conditions such as to convert the adhering
waxy material into gaseous and liquid products
which leave the regenerator 19 together with ex-
cess hydrogen through a pipe 20. Advantageously
the efluent from the regenerator 19, is diverted
from the pipe 20 through a pipe 21 and is intro-
duced into the pipe 9 which leads fo the con-
densing, separating and fractionating system in
which the efluent from the synthesis reactor 4
is treated. Therein the products formed by the
hydrogen dewaxing in the regenerator 19 may
also be further processed. The excess hydrogen
In the effluent may thereafter be used to increase
the proportion of hydrogen in the synthesis. gas
passing to the reactor 4. :

The hydrogen-treated catalyst from which the
waxy material has been removed is conducted
through a conduit 25 to a storage cooler 26 where-
in the temperature is permitted to fall to about
200 to 250° F. The storage hopper 26 contains
cooling. means 27 whereby the temperature of the
catalyst is reduced after its regeneration. From
there it is conducted through a conduit 28 to a
conditioning reactor 29. . ‘

A stream of carbon monoxide and hydrogen

is conducted from the pipe | through a pipe 35 -

to a heater 36 wherein it is initially heated to a
temperature in the range of about 200 to 300° F.
The heated synthesis gas stream leaves the heater
36 through a pipe 37 and is then used to convey

the catalyst from the storage cooler 26 through 3

the pipe 28 to the conditioner 29. The synthesis
gas and the cooled catalyst are introduced into
the lower portion of the conditioner through the
pipe 28. Advantageously, the density of the syn-
thesis gas and the velocity at which it is passed
through the conditioning reactor 29 is correlated
with the particle size and density of the catalyst
contained therein so as to maintain the catalyst
in a fluidized state without substantial entrain-
ment of the catalyst particles in the effluent
stream leaving the conditioner 29. Thus, the
conditioner 29 may resemble the synthesis reactor
4 on a small scale. However, the synthesis gas
may be passed through the mass of catalyst
Powder at such a low velocity that no fluidization
takes place.

.Thus, the gas stream may be passed through
the catalyst powder at a. space velocity ranging
from about 10 to 1,000-cubic feet of gas, measured
at standard conditions, per cubic foot of catalyst
per hour, " ‘

The temperature of the entering stream of car-
bon monoxide and hydrogen is gradually in-
creased to a temperature of about 385° F. or to a
temperature approximating that prevailing with-
in the synthesis reactor 4. ‘The aforementioned
increase in temperature is- effected - uniformly
over a period of time ranging from about ¢ to
72 hours. ‘ The rate of temperature increase may
be expressed as being in the range of about 2 to
30° F. per hour.
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The conditioning treatment in this fashion re~

sults in reformation -of essential carbide layers

at reduced temperatures which are favorable for-

carbide formation. Moreover, reconditioning in
this manner makes it possible to attain optimum

yields in the hydrogenation of carbon monoxide _

at a minimum temperature.
During the conditioning treatment, a -small

amount of the synthesis gas may be converted 75

70

Into synthesis products such as hydrocarbons
and oxygenated hydrocarbons with evolution of

-heat. A heat exchanger element 40 is positioned

within the conditioner 28 to remove this heat and
maintain the.desired temperature. A heat car-
rier liquid-enters the heat exchanger element 40
through a pipe 44 and issues therefrom through a
pipe 45. :

The catalyst, after this conditioning treatment,
is conducted to a storage hopper 41 through a
conduit 46. 1In the storage hopper 47, the re-
generated and reconditioned catalyst is advan-
tageously blanketed and cooled. with nifrogen
which enters the hopper 41 through a pipe 48 and
which displaces the synthesis gas contained
therein through a pipe 49. From the storage
hopper 41;.the catalyst is returned through a
conduit 50 and the pipe 3 to the reactor 4. . It is
possible to return the conditioneq catalyst directly
from the conditioner to the reactor 4.

The return of cooled reactivated catalyst which
has been regenerated and reconditioned into the
lower portion of the reactor 4 provides an addi-
tional cooling feature. The greatest need for
cooling exists in the bottom portion of the reactor
4 wherein the greatest percentage of conversion
of synthesis gas takes place. The recharging of
cooled reactivated catalyst containing metallic
carbide continuously or intermittently to the
lower portion of the reactor 4, together with the
fresh stream of synthesis gas, supplies additional
cooling where it is most needed.

The products resulting from the conditioning
treatment are either discharged through a pipe
38 or they are conducted all or in part through a
pipe 39 to the:pipe 9 which leads to the aforesaid
condensing, separating and fractionating system.

The numeral” 51 indicates the condensing,
separating and fractionating system to which the ,
products from the synthesis reaction and from
the conditioning reactor 29 may be passed, as well
as the products from the hydrogen treatment in
the regenerator 19, However, it is contemplated

‘that these streams may be Separately treated.

The conditioning of the hydrogen-treated ca-
alyst in the conditioning reactor 29 results in a
substantial increase in the activity and active
life of the catalyst. For example, when a used
cobalt catalyst is regenerated in the conventional
manner without the previously-described condi-
tioning step, the hydrocarbon vield obtained on
reuse of the catalyst at a reaction temperature
of about 374° F. is of the order of about 0.71 gal-
lon per thousand cubic feet of synthesis gas. " On
the other hand, when a used cobalt ‘catalyst is

treated in the manner contemplated by the pres-

ent. invention, the hydrocarbon yield: obtained on
reuse of the catalyst under similar reaction con=
ditions may be as high as one gallon per thousand
cubic feet. : 2

The conditioned catalyst from storage hopper
41 may be returned to the reactor 4 by the jet
action of the stream of synthesis gas passing into
the reactor 4 since the catalyst is well below re-
action temperature. - ol : ‘

‘The synthesis reaction may be employed for the
production of oxygenated compounds rather than
hydrocarbons. -Also, the synthesis reaction as
well as the regeneration and conditioning treat-
ments may be carried out under pressures rang-
ing from atmospheric to several hundred pounds
or more. I :

While a cobalt type of catalyst has been spe-
cifically mentioned, it is ‘contemplated that iron
or nickel or a combination thereof may be used
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instead of or in comunction with cobalt. Mate-
rials such as alumina, fuller’s éarth or silica gel
may be used in place of Filter Cel and other pro-
moters may be used in place of thorium and mag-
nesium oxides, as for example, ‘the oxides of ura-
nium and vanadium. The catalyst may also
comprise powdered iron Wlth or without a sup-
1t

poThe proportlon of carbon monoxide to hydro-
gen used in the procedure set forth may vary as
desired, depending upon the type of product de-
sired from the synthesis reaction. Usually the
composition of the carbon monox1de and hydro-
gen mixture used during the catalyst condition-
ing step will correspond substantially to, that pre-
vailing durmg the synthesis reaction.

The reduction in temperature of the catalyst
mass prior to the conditioning step may be par-
tially effected in the regenerator {9 by lowering
- the temperature of the entering stream of hydro-
gen after the effluent stream from the regenerator

9 is free from hydrocarbons. The temperature
to which the catalyst should be reduced before
it is conditioned depends upon the nature of the
_gatalyst. The temperature should be about 50
to 75° F. below that at which the catalyst becomes
active., For a cobalt catalyst the temperature
should be reduced below about 260-300° ¥., and
for an iron catalyst below about 350-400° F

In the conditioner 29, the temperature should
be raised uniformly preferably at about 9 to 12° F'
per hour to a temperature which is substantially
equivalent to-that which is employed in the syn-
thesis step. The maximum temperature to which
the catalyst is raised in the conditioner 29 ap-
proximates the temperature at which it is con-
templated to conduct the synthesis reaction.

Obviously many modifications and variations of
the invention, as hereinbefore set forth, may be
made without departing from the spirit and scope
thereof and, therefore, only such limitations
shouid be imposed as are indicated in the ap-
pended claims,

‘I claim: )

1, In the catalytic hydrogenation of carbon

monoxide for the production of hydrocarbons,

oxygenated compounds and the like, the method
which comprises continuously passing carbon
monoxide and hydrogen in contact with a fiuid-
ized powdered synthesis catalyst within a reac-
tion zone, effecting said contact at a tempera-
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ture within a predetermined range such that sub- -
stantial conversion of carbon monoxide into high- -

er molecular weight compounds occurs with some
deposition of solidifiable material upon the cata-
lyst. particles, continuously withdrawing from the
reaction zone catalyst contaminated with said
solidifiable material, subjecting withdrawn cata-
lyst to contact with hydrogen under regenerating
conditions including an elevated temperature ef-
fective to strip the said solidifiable material from
the catalyst, reducing the temperature of result-
ing hydrogen treated catalyst to substantially be-
low said predetermined temperature range, there-
after passing a mixture of carbon monoxide and
hydrogen in contact with resulting cooled catalyst
while slowly raising the temperature of the cata-
lyst ‘to substantially said predetermined range
to. thereby condition the catalyst, and thereafter
recycling resulting conditioned catalyst to said
reaction zone.

- 2, The method accordxng to claim 1 in which
the temperature of the catalyst is raised at the
rate of about 2 to 30° F. per hour during said
conditioning.
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3. The method according to claim 1 in which
the temperature is slowly raised from about 200°

F. to substantially said predetermined tempera-u

ture range during said conditioning.

4. The method according to claim 1 in which-
the hydrogenation catalyst is a cobalt-magnesia-
thoria catalyst. :

5. In the catalytic hydrogenation of carbon .
monoxide for the production of hydrocarbons,
oxygenated compounds and the like, the method
which ‘comprises continuously passing carbon
monoxide and hydrogen in contact with a ‘fluid-
ized powdered synthesis catalyst within a reac-
tion zone, effecting said contact at a temperature
within a predetermined range such that substan-
tial conversion of carbon monoxide into higher
molecular weight compounds occurs with some .
deposition of solidifiable material upon the cata-
lyst particles, continuously withdrawing from the .
reaction zone catalyst contaminated with said
solidifiable material, subjecting withdrawn cata-
lyst to contact with hydrogen at substantially said
predetermined temperature range to effect activa- -
tion and removal of waxy material, reducing the
temperature of resulting hydrogen treated cata-
lyst to substantially below said predetermined
temperature range, thereafter passing a mixture
of carbon monoxide and hydrogen in contact with
resulting cooled catalyst while slowly raising the
temperature of the catalyst to substantially said
predetermined range to thereby condition the
catalyst, and thereafter recycling resulting con-
ditioned catalyst to said reaction zone.

6. The method according to claim 5 in which
the temperature is raised at the rate of about 2

to 30° F. per hour. during conditioning of the
catalyst.

7. The method defined in claim 5 in which said
hydrogen treated catalyst is reduced to at least
about 50° F\. below that temperature at which the
catalyst becomes active.

8. In the catalytic hydrogenation of carbon
monoxide for the production of hydrocarbons,
oxygenated hydrocarbons and the like, wherein
carbon monoxide and hydrogen are continuously
passed in contact with a fluidized, powdered syn-
thesis catalyst comprising iron within a reaction
zone at a temperature within: a predetermined
operating range such that substantial conversion
of carbon monoxide into higher molecular weight
compounds occurs, with some deposition of solidi-
fiable material upon the catalyst particles, and -
wherein so contaminated catalyst is continuously
withdrawn from the reaction zone and subjected
to contact with hydrogen at an elevated tempera-
ture range operative to effect stripping of said
solidifiable material from the surface thereof,
and thereafter returned-to said reaction zone,
the improvement which comprises conditioning
said catalyst after said hydrogen treatment and
prior to its return fo the reaction zone by pass-
ing a mixture of carbon monoxide and hydrogen
in contact with the catalyst at a temperature in
the range below about 400° F., raising the tem-
perature about 2 to 30° F. per hour to substan-
tially said predetermined range of operation, and
recycling resulting conditioned catalyst to said
reaction zone. : )

9. In the catalytic hydrogenation of carbon
monoxide for the production of hydrocarbons,
oxygenated hydrocarbons and the like, wherein
carbon monoxide and hydrogen are continuously
passed in contact with a fluidized powdered syn-

.thesis catalyst comprising cobalt within a reac-:

75 tion zone at a temperature within a predeter-
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mined opera,ting range such that substantial con-

version of carbon monozxide into higher molecu-

lar weight compounds occurs, with some deposi-
tion of solidifiable material upon the catalyst par-
ticles, and wherein so contaminated catalyst is
continuously withdrawn from the reaction zone
and gubjected to contact with hydrogen -at an
elevated temperature range operative to effect
stripping of said solidifiable material from the
surface thereof, and thereafter returned to sald
reaction zone, the improvement which comprises

10

- operation, and recycling resulting condi.tioned

10 Number

conditioning sald catalyst after said hydrogen -

treatment and prior to its return to the reaction
zone by passing a mixture of carbon monoxide
and hydrogen in contact with the catalyst at &
temperature in the range below about 300° F.,

raising the temperature about 2 to 30° F. per

15

hour to substantially said predetermined Tange of -

catalyst to said reaction zone.
ALFRED J. MILLENDORF
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