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The novel features of our invention are fully
disclosed in the following specification and claims,
considered in connection with the accompany
drawing.

The catalytic synthesis of hydrocarhbons, in-
cluding those boiling in the gasoline and gas oil
boiling range, from CO and hydrogen as start-
ing materials is a matter of record. EXperience

with this process has shown that two general .

types of catalysts are useful in this process; name-
ly, (1) metallic cobalt or nickel containing a
minor amount of thoria, and (2) sintered iron.
Usually the said cobalt is supported on g carrier
such as kieselguhr, and furthermore, instead of
using thoria as a promoter, magnesia, may be em-

Ployed for this purpose. Sometimes, a combina- .

~ exchanger 3 wherein it is cooled (or heated). The
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tion of thoria and magnesia is used as cromoter .

in connection with the cobalt. A catalyst hav-
ing the following compositiori has been found to
give good results; namely, 32 weight per cent me-
tallic cobalt, 5 weight per cent thoria, and the
balance the support, kieselguhr.

The reaction between CO and hydrogen in the
bresence of one of the aforementioned catalysts
results in the formation of normally gaseous hy-
drocarbons, hydrocarbons boiling in the gas oil
boiling range and heavier material. The heav-
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ler material which is formed in the reaction in- -

cludes normally solid waxes, which with the heav-
fer-oils impair the activity of the catalyst and,
therefore, there comes g time when the catalysts
must be treated to remove these adsorbed com-
bounds. - In' & stationary bed type of operation
it will be necessary, of course, to discontinue the
productive phase to wash the catalyst and free
the same of the waxy and oily contaminants, But
in the so-called “fluid” catalyst operation, which
will be discussed and described more fully here-
inafter, and to which a preferred embodiment of
my invention is particularly adaptable, the fouled
catalyst may be withdrawn from the reaction
zone and washed according to a method which
represents my present invention, '
In the accompanying drawing I have shown
diagrammatically a form of arrangement of ap-
paratus elements in which o preferred modifica-
tion of my invention may be carried into prac-
.«tical effect.”” : .
" Referring in detail to the drawing, | represents
a - synthesis gas charging line containing a mix-
ture of CO and Ha, properly. proportioned, which

~mixture is thereafter mixed with recycled cata--
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-lyst from a standpipe 30 in communication with. "

- & reactor 18, all'of which will appear more fully

hereinafter, and’ thence forced through a heat
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synthesis gas and catalyst are then withdrawn
from heat exchanger 3 through line {10 and mixed
with “makeup” catalyst which is withdrawn from
a supply hopper 5. This suspension is then

“conveyed -to a reaction vessel I8 where it flows

upwardly therein through a screen member G.
In some cases.cooler 3 can be omitted and cool-

‘ing accomplished by direct or indirect heat ex-

change within the fluid bed of the reactor. In
this case, the synthesis feed gas can be intro-
duced directly into the bottom of the reactor.
The catalyst is maintained in the fiuid state pre-
viously referred to by maintaining the velocity
within the limits of 0.1 to 5 feet per second, pref-
erably at an inlet velocity greater than 02 foot
per second and an exit velocity less than 2.0 feet
per second when the catalyst has a particle size
from 0 to 200 microns, with over 50 per cent in
the 40 to 80 micron particle size range and the
pressure is-close to atmospheric. Depending on
the amount of catalyst charged to the reactor
18 there will be a dense turbulent suspension of
catalyst in gas having an upper level at L. . This ‘
suspension between the limits of G and L will
weigh from about 5 to 90 pounds per cubic foot

- usually from 10 to 75 pounds per cubic fcot.

Above L in the reactor there is a disengaging
space Il in which the density of the materials
is much lower than that between L and G due
to the fact that catalyst separates from gasiform
material by gravity in this region. 'This disen-
gaging space |1, which may be from 10 to 15
feet in height, is determined by the amount of
catalyst in the reactor during the process and
the gas or vapor velocity. Usually there is dis-
posed in the upper portion of the reactor a plu-
rality of catalyst separating devices M (one
shown) adapted to cause the separation of cata-
lyst fines from gases or vapors, forced there- -
through and the return of the serarated cata-
lyst to the main bulk thereof between L and G
via one. or more “dip” pipes 2. These solid
separating devices are preferably the so-called
“cyclone” separators or, in other words, devices
which serve to separate solids from gases by cen-
trifugal force. The gaseous producs stream final-
ly issuing from reactor 18 through line 20 is sub-
stantially free of catalyst, but in order to insure
complete removal of any entrained fines which
still persist therein, the stream is passed through
one or more washers or scrubbers S where the
vapors are treated with a heavy oil. The gase-
ous product issuing from the scrubber S is then
delivered to refining treatment such as distilla-
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tion, reforming of naphtha content, catalytic
cracking of gas oil components and the like and
& receiver, all of which I have indicated by 2f,
but which I will not describe in detail because
the expert will understand what is intended, and
furthermore because the purification and im-
provement of the products formed in thereaction
zone do not go to the heart of my invention.
Referring to the reaction zone operating condi

tions, the following give good results: .
Broad range
Coor Ni .
Catalyst Type g?&oe“;g Fe -
rier)
Temperature, ® F-...; .................. 325-550 375-700
Pressure, atmos. . _-cco-o-- -- 1-5 1-50
Feed Rate, v./v./HT. 100-3000 100-3000
Preferred Range
Coor Ni
Catalyst foromoted 1 Fe
ricr)
Temperature, ° F... 375475 475-625
Pressure, atmos...... 1-35 1-35
¥eed Rate, Vv /Hr ooceeen 300-1000 300-1000

Referring to the catalyst in reactor {8 the same
is continuously withdrawn through a standpipe
30 into which fluidizing gas is introduced through
inlet lines 31 conveniently placed along standpipe
30. The major part of the catalyst withdrawn
through the standpipe 30 (over 95%) is recycled
through the heat exchanger 3 to the reactor in

order to control the reactor temperature. Since
the reaction taking place in 18 is exothermic, it
wil} be necessary to withdraw heat and ordinarily
the catalyst should be cooled to & temperature
say from 300 to 500° F. in heat exchanger 3 be-
fore it is returned to the reactor. The tempera-
ture to which the catalyst should be cooled will
depend upon the temperature maintained in re-
actor i8. The remainder of the catalyst stream
is withdrawn from standpipe 30 through line 36,
mixed with carrier gas which may be recycled
exit gas introduced via line 38, and discharged
into the catalyst washer 32 provided with a suit-
able agitating means 33 where it is mixed with
a hydrocarbon, such as a mixture of butane, pro-
pane, and pentane, or any of these in a liquefied
form or any heavier naphtha. Other solvents
not miscible with water may be used, such as
benzene, toluene, or naphtha which may or may
not be produced in the process. If preferred, the
catalyst from standpipe 36 may be introduced di-
rectly into washing zone 32, without first sus-
pending it in a carrier gas, The waxy and oily
constituents contained on the catalyst are dis-
solved in the solvent contained in the mixing ves-
sel 32. A slurry of solvent and catalyst is with-
drawn from 32 through a pipe 34 and discharged
into a vessel 35 where it is permitted to remain
in a more or less quiescent state after it has been
admixed with water introduced through line 31,
this water preferably being preheated. The
washing process (in mixer 32) is preferably car-
ried out at superatmospheric temperatures, for
example, a temperature corresponding to 15
pounds per square inch steam gauge pressure. It
is preferable to provide two or more of the settling
zones 35 so that while one is filleq with.the surry
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of the catalyst in solvent and water, a second
tank may be filling with the material flowing in
through line 34. In the settling zone 35 stratifi-
cation between the water and hydrocarbons oc-
curs when a solvent of low volatility . (such as
toluene) is employed, and the catalyst passes
into the water phase. The solvent Is withdrawn
as -8 liquid phase through.line 40 and accumu-
lated in a receiver 41. When using a product
stream as solvent, the solvent containing wax
may be introduced to the product fractionator to
effect purification. However, where an extra-
neous non-volatile solvent is used, the material
from settler 35 is accumulated in receiver 41 from

.which it may be pumped to a fractionating

column 43. In the event a volatile solvent (pro-

- pane, butane, etc.) is used to dissolve the waxy
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constituents from the catalyst, this solvent is va-
porized on being contacted with the hot water
and/or steam, say, at 100° to 350° F. in mixer 35,
and will be collected in vessel 4f. The of] or wax
remaining after vaporization of the solvent will
collect on the surface of the water contained in
settler 35 and may be withdrawn by skimming via
line 38. The oil recovered by skimming from 35
or from still pot 44 together with any scrubbing
oil needer for makeup, is recycled to the oil scrub-
ber S via line 47 to replace the oil slurry con-
stantly withdrawn from this vessel, and admitted
to the mixer 32. A portion of this recycle stream
is bled off through line 55, and constitutes one of
the products of the process. This material may
be treated or processed as desired. Makeup
scrubbing oil is added as required via line 53.
The wax-free solvent collected in vessel 41 (or
45 depending upon whether a volatile or non-
volatile solvent is employed) is recycled via line
46 (or 48).to vessel 32 to cleanse additional cata-
1yst of its adsorbed wax, A water slurry contain-
ing the catalyst is withdrawn from settler 3%
through line. 50 and pumped back into the reac~
tion zone (8 or via line 51 into the circulating
catalyst stream ahead of heat exchanger 3, This
stream may also be returned to the reactor inlet
through line 6 if desired. ;-
Evaporation in the reactor 18 of the water from
the slurry tends to cool the reaction zone. The

- amount of this cooling depends on the tempera-

50

55

a0

70

%

ture and amount of water returned. One purpose
of this invention is to show how this heat removal,
and hence reaction temperature, can be con-
trolled. This control is accomplished by regu-
lating the amount of water returned to the re-
action zone, and also by using heat exchanger §7
to regulate the temperature and degree of va-
porization of slurry return, .

Now with respect to the catalyst supply hopper
15, it is obvious from the foregoing description
that after the operation has been started, it will
be necessary to feed catalyst from said hopper to
the system only in such amounts as to make up
for whatever catalyst may be lost from the sys-
tem. The quantity of catalyst sent to the wash
system is automatically controlled as is the sol-
vent recycled to the agitator. The quantity of
solvent needed for the solution of the wax is de-
termined by the rate of wax production within
the reactor and the degree of stripping that takes
place therein. As an example, the slurry in the
mixer 32 may contain between 0.2 and 2 pounds
of catalyst per gallon of solvent. The slurry res-
idence time required in the said mixer is deter-
mined by a number of factors such as degree of .
agitation, temperature and solvent characteris-
tics; however, times varying between 5 minutes
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5 .
and 3 hours will usually be employed. The ecat-
alyst-water slurry leaving sottler 35 via line 50
may contain from 0.1 to 3 pounds per gallon de-
pending upon the amount of catalyst being re-
turned and upon the amount of heat which it is
desired to remove from reactor 18.

Numerous modifications of our invention may
be made by those who are familiar with the art
without departing from the spirit thereof.

What we claim is:

1. In the synthesis of hydrocarbons from caxr-
bon oxides and H: in the presence of a suitable
catalyst, the improvement which comprises pro-
viding a catalyst suspended in g mixture of car-
bon oxides and Ha gas in a reaction zone during
a hydrocarbon synthesis reaction and maintain-
ing the catalyst activity by withdrawing catalyst
containing a waxy contaminant, washing said
withdrawn catalyst with a solvent for the said
waxy contaminant in a washing zone, discharg-
ing a slurry of catalyst and solvent withdrawn
from said washing zone into a settling zone, add-
ing water to said last-named zone, permitting
stratification to occur in said last-hamed zone
and permitting the washed catalyst to enter the
water phase, and returning the purified catalyst
in the form of a water slurry to the reaction zone.

2. The method of claim 1 in which contami-
nated catalyst is washed with a light hydrocar-
bon oil. : )

3. In the synthesis of hydrocarbens from car-
bon oxides and Hz in the presence of a suitable
catalyst, the improvement which comprises pro-
viding a catalyst suspended in a mixture of car-
bon oxide and Hz gas in a reaction Zone during
a hydrocarbon synthesis reaction and maintaining
the catalyst activity by withdrawing catalyst con-
taining a waxy contaminant, washing said with-
drawn catalyst with a slovent for the said waxy
contaminant in a washing zone, discharging a
slurry of catalyst and solvent withdrawn from the
washing zone Into a settling zone, adding heated
water to said last named zone whereby the solvent
is vaporized and withdrawn from said last-namec
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Zone, removing waxy contaminants by skimming
from the surface of the water the catalyst mix-
ing with the water to form a slurry therewith and
returning the thus-purified catalyst in the form of
the said slurry to the reaction zone. :

4. The method set forth in claim 3 in which the
solvent is & normally gaseous hydrocarbon.

5. The method set forth in ciaim 1 in which
the water slurry is fed directly to the reaction zone
at a rate responsive to the temperatures existing
in said reaction zone and thus utilizing the said
water to cool the reaction zone and control the
temperature therein, )

6. The method set forth in claim 3 in which the
water slurry is fed directly to the reaction zone
at a rate responsive to the temperatures existing
in said reaction zone and thus utilizing the said
water to cool the reaction zone and control the
temperature therein.

7. The method set forth in claim 1 in which the
water slurry is preheated before discharge into
the reaction zone, to a degree respcnsive to tem-
perature conditions in said reaction zone, there-
by controlling the reaction temperature.

8, The method set forth in claim 3 in which
the water slurry is preheated before discharge
into the reaction zone to a degree responsive to
temperature conditions in said reaction zone
thereby controlling reaction temperature.
LINDSAY I. GRIFFIN.
CHARLES E. JAHNIG.
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