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This invention relates to the synthesis of or-
ganic compounds by the reaction of an oxide of
carbon with hydrogen. In one of its more spe-
cific aspects it relates to the synthesis of hydro-
carbons by the reaction of carbon monoxide with
nhydrogen in a fluidized fixed-bed conversion
chamber.

In the process of synthesizing organic com-
pounds, which is known to the petroleum indus-
try as Fischer-Tropsch synthesis, an oxide of
carbon, e. g., carbon monoxide, and hydrogen are
reacted together at suitable elevated tempera-
tures in the presence of a selected catalyst to
yield higher boiling organic compounds includ-
ing hydrocarbons ranging from light gaseous
methane to heavy liquids or waxes. Catalysts
commonly used for this synthesis are sintered
iron, and compounds or compositions comprising
cobalt, nickel and/or ruthenium. These catalysts
may be promoted with such materials as alkali
metals, alkaline earths, or their oxides, or with
thoria or various other promoters. The catalysts
may be utilized in either a static fixed-bed or
in a fluidized-bed. In fixed-bed operations it is
common practice to support the catalyst on an
inert supporting material, such as kieselguhr, or
the like. Such support materials may be crushed
to any desired mesh size. It is common practice
to dissolve the catalyst material and the pro-
moters in a suitable liquid solvent, which mix~-
ture is then mixed with the support material,
and the promoter and catalyst materials are
precipitated from their solution by means of an
alkaline solution. When utilizing the fluidized
catalyst modification of this synthesis, in which
a catalyst in the form of a freely flowing powder
is normally suspended in the gaseous material
passing through the reaction zone, the promoter
material is usually fused into the catalyst and
the resulting hard mass is ground to a relatively
hard, abrasion-resistant powder.

When synthesizing hydrocarbons utilizing a
ctatic fixed catalyst bed it has been necessary to
operate at relatively low soace velocities, such
as between about 100 and about 300, and the rate
of production of hydrocarbons heavier than
ethane has been undesirably low. It has re-
cently been found that when fluidized fixed-bed
operation is applied to the Fischer-Tropsch proc-
ess space velocities and consequently the produc-
tion rate can be greatly increased. Thus, where-
as in static fixed-bed operation, space velocities
of about 100 to about 300 are used, in fluidized
fixed-bed operations, space velocities as high as
5000 may be used, and a correspondingly in-
creased rate of production of hydrocarbons heav-
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fer than ethane may be obtained. In fluidized
fixed-bed operation, the synthesis gas, which
comprises carbon monoxide and hydrogen in a
molar ratio of from about 1:2 to 2:3, is contacted
with a finely ground catalyst at such a linear
velocity that the catalyst is continually agitated,
but is not substantially carried out of the re-
actor.

Although fluidized fixed-bed operation permits
increased space velocities, it also entails certain
problems. One such problem is that of main-
taining the linear velocity of the synthesis gas
sufficlently high through the length of a reactor
to maintain catalyst fluidization and, at the same
time, sufficiently low to prevent undesirably high
yields of light hydrocarbons, such as methane,
and also to prevent undesirably high tempera-
tures near the inlet of the reactor. This problem
is accentuated in the Fischer-Tropsch process
since as a result of the union of carbon monox-
ide with hydrogen to form normally liquid prod-
ucts, the gas volume continuously decreases dur-
ing passage through the reactor. A second prob- -
lem in such a process is that of controlling the
temperature within the reactor when the reactor
Is of such size as to react relatively large vol-
umes of synthesis gas at one time. Another prob-
lem is that of maintaining the catalyst in an
active state when heavy liquids or waxes form
a portion of the reaction products.

An object of the present invention is to pro-
vide an improved reactor for the synthesis of
hydrocarbons by the reduction of carbon monox-
ide with hydrogen. Another object is to pro-
vide an improved reactor for such synthesis in
which fluidization of the catalyst is facilitated.
Another object is to provide an improved re-
actor for such synthesis in which the removal
of heat of reaction is facilitated. Another object
is to provide an improved method of conducting
the synthesis of hydrocarbons by catalytic re-
duction of carbon monoxide and hydrogen. An-
other object is to provide a method for main-
taining linear velocities through a reactor. An-
other object is to prevent undesirably high tem-
peratures near the inlet of a reactor. Another
object is to provide means for withdrawing a
substantially inactive catalyst from a reactor.
Other and further objects will be apparent to
those skilled in the art upon study of the ac-
companying description and drawings.

The present invention provides a solution for
the above mentioned problems. TUnderstanding
of the invention will be facilitated by reference
to the accompanying diagrammatic drawings.

Figure 1 is a section view of a reactor de-
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signed In accordance with and showing a pre-

ferred embodiment of the invention. Figure 2
is a section view of a reactor .also designed in
accordance with and showing a modification of

_the invention. Figure 3 is a horizontal plan view

taken along the line 3—3 of Figure 1. Figure 4
is a horizontal plan view taken along the line
4—14 of Pigure 1. Figure 5 is a horizontal plan
view taken along the line 5—5 of Figure 2. Fig-
ure 6 is a section view of a modified éooling coil
for use in the reactor..

The reactor of Figure 1 comprises a substan-
tially vertically disposed ecylindrical reaction
chamber i1 which is closed at each end by
closure means, such as removable closure mem-
bers 12 and {3 and enclosing a reaction zone
therein. Catalyst outlet means, such as conduit
{4, having closure means, such as valve 15, posi-
tioned therein is provided in the lower portion
of the chamber, such as is closure member (2.
Closure means {3, in the top of said chamber, is
provided with coolant outlet means, such as con-
duit 16. The upper portion of the reaction zone
enclosed within reaction chamber (1 is closed
by baffle means, such as member {T. Member {7
is affixed at its outer periphery to reaction cham-
ber 1 by a gas tight seal. Coolant inlet means,
such as bustle ring (8, are provided adjacent the
upper portion of reaction chamber (1. Coolant
conduit 19, communicates between a coolant
supply source and the coolant inlet mearis.
Cooling means, such as a plurality of cooling coils
22, are provided within the reaction chamber and
enclose cooling zones therein. The cooling coils

communicate between the coolant inlet means :

and that portion of the chamber above member
1. Coils 22 preferably extend downwardly, from
the point of communication with the coolant in-
let, into the lower portion of the reaction zone
enclosed within reaction chamber (1, at which
point they make a return bend and extend up-
wardly through member {7. Cooling coils 22 are
provided with enlarged portions 23 at adjacent
points and at spaced intervals through the length
of the coils. By these enlarged portions the re-
action zone enclosed within reaction chamber 11
is divided into a plurality of. substantially unre-
stricted reaction zone portions and into a plural-
ity of restricted zones. Reactant material inlet
means, such as header 24, is provided in the
lower portion of the reaction chamber. Re-
actant material conduit 25 communicates be-
tween a reactant material supply source and
header 24. Header 24 is preferably conical
in shape and is closed at its enlarged upper end
by closure means, such as perforate closure
member 26. Closure members {2 and i3 may
be ‘rigidly affixed to reaction chamber [{ in
any conventional manner, such as by bolts 27.

Particulate or powdersd catalyst 28 is pro-
vided within the reaction chamber, e. g. the lower
half of the reaction zone may be filled with ecata-
lyst before start up. Such catalyst will be dis-
tributed throughout the length of the reaction

-zone by the flow of synthesis gas. Catalyst 28

may be any one of the catalysts suitable for the
reaction being carried out. It is preferred, for
a Fischer-Tropsch synthesis, to use a catalyst
prepared by fusing iron oxide, cooling and grind-
ing the fused material to a size within the
range of from about 65 to about 100 mesh, and
reducing the ground material with hydrogen.
Alkaline promoters, such as potassium carbonate
or barium hydroxide, may be incorporated 1t
desired. :

A
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The enlarged portions 23 of cooling colls 22
may be either equally spaced along the length of
cooling coils 22 through a substantial length of
the reaction chamber, or the space between the
enlarged portions may be progressively decreased
from the bottom to the top of the reaction coils.
When the enlarged portions are substantially
equally spaced along the coil and so positioned
that they are adjacent one another, the reaction
Zone within reaction chamber 11 is divided into

. a-plurality of substantially unrestricted reaction
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zone portions, which- portions have substantially
equal volumes. The diameter of the coil sections
connecting the enlarged portions may bhe pro-
gressively increased from the bottom of the cool-
ing coils to the top, as shown in Figure 6 of the
drawings, thus progressively decreasing the
horizontal areas of the substantially unrestricted
zone portions from the bottom to the top of the
reaction chamber. The cross-sectional diameter
of the expanded coil sections is. preferably at
least four times the diameter of the tube forming
the coil. :

In the operation of the reactor shown in Fig-
ure- 1, synthesis gas containing hydrogen and
carbon monoxide is introduced, in a molar ratio
of -from about 1:2 to about 3:2, through inlet
conduit 26 and inlet header 24. If the substan-
tially unrestricted portions of the reaction zone
are of substantially equal horizontal area an in-
ert diluént, such as nitrogen, may be introduced
into the reaction zone with the synthesis gas.
As the synthesis gas enters into header 24 its
velocity decreases due to the enlarging volume
of the conical shaped member. The gas then
passes through the perforations in closure mem-
ber 26 at an increased velocity. In that manner
particulate catalyst in the lower portion of the
reaction zone is fluidized, thus furnishing a good
contact area for the synthesis gas. As the syn-
thesis gas, together with entrained reaction
products and a portion of entrained catalyst,
passes upwardly in the reaction zone, it is caused
to pass through the restricted area formed by the

5 enlarged portions of the cooling coils at a veloe-

ity substantially greater than the gas velocity
within the substantially unrestricted portion of
the reaction zone bhelow the restricted area. The
velocity in this restricted zone is also greater
than the velocity of free fall of particles through
the gaseous mixture. As the synthesis gas, to-
gether with reaction products, passes through
the restricted zone, it is caused to contact the
substantially large cooling surface furnished by
the enlarged portion of the cooling coils. In
that manner, heat of reaction is removed from
the reaction zone by coolant 2§ within the cool-
ing coils. Upon passing through the restricted
area at the increased velocity, the synthesis gas
and reaction products substantially fiuidize cata-~
lyst material within the substantially unre-
stricted zone portion between the first and sec-
ond restriction areas. As more reaction products
are formed, the volume of synthesis gas de-
creases. Where an inert diluent, such as nifro-
gen, is used the diluent will act to maintain the
velocity of flow through the restricted area, thus
fluidizing catalyst material within each succeed-

~ ing substantially unrestricted zone portion. In

75

those cases where each succeeding portion of re-
action zone has a smaller horizontal area, it will
not be necessary to utilize a diluent for the pur-
pose of maintaining a fluidizing velocity through
the reaction zone. By means of the succeeding
smaller zone portions, the synthesis gas though
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&épleted in volume will be enabled to maintain
2 sufficlently high linear velocity to fluidize the
Satalyst therein. The area above the last re-
$ricted zone is substantially extended so as to
q?‘ovicie a set{zling zone wherein entrained cata-
st material may be allowed to settle from the
nthesis gas - and reaction products. The
uent is removed through outlet means, such
as conduit 29. The coolant is ordinarily intro-
ced into the cooling system at a temperature
t below its boiling point. On passing through
e succession of enlarged and restricted por-
ons of the cooling system, the coolant will be-
me vaporized and will thus remove the heat
If reaction as heat. of vaporization. Upon being
Vaporized, the coolant passes into the portion of
%he chamber above member {7 and is removed
sthrough conduit (8. During the reaction process
Heavy liquids and/or wax will be among those
products formed and will tend to deposit upon
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the catalyst material. That portion of the cata-

1yst material bearing such deposits, being heavier
than the other catalyst material, will tend to
settle to the bottom of the reaction chamber.
Such catalyst material is removed from the re-
action chamber through conduit 14 and closure
{§ and is passed to a regeneration chamber
where the heavy deposits are removed therefrom.
A portion of the remaining catalyst may be
substantially inactivated by the deposition of
carbonaceous material thereon. When the cata-
1yst material has reached an undesirable state of
inactivity, the reactant materials may be shut
off from the reaction zone and oxygen-contain-
ing regeneration gas together with a diluent,
such as steam, may be introduced into the reac-
tion zone through conduit 25 and header 24, In
that manner the catalyst material may be regen-
erated in situ. Separation means (not shown),
such as a cyclone separator or a Cottrell electric
precipitator, may be provided in conduit 29 for
the purpose of removing entrained catalyst
material from the effluent stream. Such sep-
arated catalyst material may be recycled and
introduced, with any makeup catalyst material,
into conduit 25. Regeneration of the catalyst,
in situ may also be carried out by passing hydro-
gen through the catalyst chamber.

The reactor of Figure 2 is similar to that of
Figure 1. It comprises a reaction chamber 35

which is closed at its ends by closure means, such -

as closure member 36 and member 37. Catalyst
outlet means, such as conduit 38, is provided in
the bottom of a reaction chamber and has
closure means, such as valve 39, provided therein.
The reactor is provided in its upper portion with
effluent outlet means 41. Cooling means, such
“as cooling coils 42, are provided within the reac-
tion chamber and are preferably connected in
series. Coolant inlet means, such as conduit 43,
is provided in the reaction chamber and com-
municates between a coolant supply zone and
one end of the serially extending coils. Coolant
outlet means, such as conduit 44, (shown in Fig-
ure 5) is provided in the reaction chamber, com-
municating between the other end of cooling
coils 42 and the exterior of the reaction chamber.
The outer diameter of the cooling coils is en-
larged at adjacent points throughout the length
of the coils by enlargement means, such as thin
bulbular members 45, affixed to the exterior of
the cooling coils. These bulbular members divide
the reaction zone, enclosed within reaction cham-
per 35, into substantially unrestricted reaction
gone portions and restricted portions. The unre-
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stricted reaction zone portions may have substan-
tially equal horizontal areas or the diameter of
the coil between the bulbular enlargements may
be increased from the bottom to the top of the
coils s0 as to form zone portions which decrease
progressively in horizontal area from the lowest
substantially unrestricted zone portion to the
top of such portion. Reactant material inlet
means, such as header 46, is provided in the lower
portion of the reaction zone, and reactant mate-
rial inlet conduit 47 communicates between &
reactant material supply source and header 486.
Header 46 is preferably conical in shape and is
closed at its enlarged upper end by closure
means, such as perforate closure member 48. .
Particulate or powdered catalyst, similar to that
used in the device shown in Figure 1, is provided
within reaction chamber 35. The operation of
the device shown in Figure 2 is similar to that of
the device of Figure 1. If additional cooling area
is desired for the reaction chamber, a cooling
jacket (not shown) may be provided about the
exterior of the reaction chamber.

" Suitable reaction conditions in a Fischer-
Tropsch process using a reactor of the present
invention are a temperature within the range
of between about 300 and about 320° C., a pres-
sure of about 10 and about 20 atmospheres, and
an overall space velocity between about 1500 and
about 5000 volumes (STP) of synthesis gas per
volume of catalyst per hour.

The number of substantially unrestricted re-
action zone portions within the reaction chamber
is not to be limited to the specific number shown
in the drawings. It is necessary only that a suffi-
cient length of the reaction space be provided in
the reaction chamber in which the desired reac-
tion of the synthesis gas may be obtained. Any
additional conventional method may be utilized
to progressively decrease the volume of the reac-
tion zone portions from the bottom to the top of
the reactor, such as by shortening the distance
between the enlarged portions or increasing the
length of the enlarged sections, thus in effect
decreasing the distance between the sections.

Temperatures in a Fischer-Tropsch process
must be confined within relatively narrow
ranges, depending upon the catalyst used. These
temperatures, for the specific catalyst, are well
known to those skilled in the art. One of the
advantages of the reactor constructed in accord-
ance with this invention as compared with con-
ventional cylindrical reactors is that increased
efficlency is obtained in the removal of heat of
reaction produced by the reaction of the carbon
monoxide with the hydrogen. The increased
efficiency of heat removal is a result of the rela-
tively large cooling coil space exposed to the
reactor materials.

Exampie

A gaseous mixture comprising 30 volume per
cent hydrogen, 15 volume per cent carbon mon-
oxide, together with 55 volume per cent compris-
ing nitrogen, methane, and other inerts is passed
through a Fischer-Tropsch reactor containing
2 60-100 mesh reduced iron catalyst. The re-
actor is a vertical steel cylinder provided inter-
nally with vertical cylindrical cooling tubes,
through which oil is circulated to remove heat
of reaction. Under reaction conditions of an
jnitial temperature of 320° C., a pressure of 200
p. s. 1., and a space velocity of 2500 gas volumes

(STP) per volume of catalyst per hour, the cata-

1yst near the inlet is satisfactorily fluidized, but
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the catalyst further downstream is not. Most

. of the uneven fluidization occurring in the upper

part of the catalyst bed Is a result of the normal
contraction of the gas during the reaction. Un-
desirably large amounts of methane, carbon
dioxide, and carbon are formed. Increasing the
apparent linear velocity of gas through the re-
actor improves fluidization, but makes tempera-
ture control more difficult and causes undesirably
large amounts of catalyst to be blown out of the
reactor. '

The cooling tubes are replaced with eylindrical
tubes, each of which has four expanded sections
equidistantly spaced along the tube axis and at
points adjacent to those on the other tubes. The
maximum cross-sectional diameter of the ex-
panded sections is about four times the diameter
of the cylindrical part of the tubes. - ‘

As a result of the increased cooling surface and
of the improved fluidization due to constriction
of the reaction space at regular intervals, the
reaction temperature is more easily controlled
and the efficiency of conversion of carbon mon-
oxide to C3; and heavier hydrocarbons is mate-
rially increased. -

As will be evident to those skilled in the art,
various ‘modifications of this invention can be
made or followed in the light of the foregoing
disclosure and discussion without departing fiom
tne spirit or scope of the disclosure or from the
scope of the claims.

I claim: .

1. A reactor comprising in combination a sub-
ctantially vertically disposed reaction chamber
enciosing a reaction zone; inlet means for re-
actant materials in the lower portion of said
chamber; cooling means within said  chamber,
which cooling means materially restrict the cross
secticnal area of said chamber at spaced inter-
vals through at least a portion of the length of
said chamber, said cooling means forming reac-
t.on zone sections of successively smaller volume
from the bottom to the top of said chamber; and

effluent outlet means in the upper portion of said.

chamber.

2. A reactor comprising in combination a sub-
stantially vertically disposed closed outer shell;
reactant material inlet means within the lower
rortion of said shell; coclant conduits having en-
leryed outr diameter portions spaced succes-
cively cioser tozether from their lower to their
uprer ends, said conduits being spaced about and
‘ongitudinally disposed within said shell in such
manner as to situate the lower set of enlarged

ccndult portions on substantially the same hori-  :

zontal p.anz and each successive set of enlarged
rortions on substantially the same horizontal
blane, therey forming successive substantially
vrrestricted zones within said shell, which zones
h~ve succes-ively less volume from the lower to
the upper portion of said shell; coolant inlet
means communicating with said coolant conduits
through the walls of said shell; coolant outlet
means communicating between said conduits and
the exterior of said shell; and effluent outlet
means communicating between the upper unre-
stricted zone and the exterior of said shell.

3. The reactor of claim 2, wherein said cooling
ing conduits are connected in series.

4. The reactor of claim 2, wherein said cooling
conduits are connected in pairs at their lower
ends, said coolant outlet means comprises an out-
let header together with an outlet conduit; and
catalyst outlet means in the lower portion of said
chamber. :
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5. The reactor of claim 2, wherein said inlet
for reactant materials comprises an upwardly ex-
panding substantially conical shaped header
member having a perforate closure member clos-
ing off the enlarged end of said header member;
reactant material inlet conduit means communi-
cating between a reactant material supply source
and the lower portion of said inlet header mem-
ber; and catalyst outlet means in the lower por-
tion of said chamber,

6. The reactor of claim 2, wherein the outer
diameter of the conduits is enlarged by expan-
sion members affixed to the exterior of said cool-
ing coil conduits at adjacent points spaced
throughout their length. ’ _

7. A method of synthesizing hydrocarbons by
the reaction of hydrogen and carbon monoxide
which comprises in combination the steps of pass-
ing a synthesis gas comprising hydrogen and car-
bon monoxide into an injection zone; injecting
said synthesis gas into a first substantially un-
restricted portion of a reaction zone at such a
velocity as to substantially fluidize particulate
catalyst in said reaction zone portion; reducing
said gas velocity in said unrestricted zone por-
tion, passing said synthesis gas and reaction
products through a restricted zone within said
reaction zone and into a second substantially un-
restricted reaction zone portion at a velocity suffi-
cient to substantially fluidize particulate catalyst
in said second reaction zone portion; reducing’
said gas velocity in said second reaction zone por-
tion; similarly passing said synthesis gas and re-
action products through at least one more re-
stricted zone and at least one more substantially

. unrestricted reaction zone portion; passing g
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relatively -cool heat exchange material in indi-
rect heat exchange relation with said synthesis
gas and reaction products through a cooling zone
within and substantially throughout the length
of said restricted and unrestricted portions of said

_reaction zone; and removing efluent material .

from the upper portion of said reaction zone.

8. A method of synthesizing hydrocarbons by
the reaction of hydrogen and carbon monoxide
which comprises in combination the steps of pass-
ing a synthesis gas comprising hydrogen and car-
bon monoxide into an injection zone; injecting
said synthesis gas into a first substantially unre-
stricted portion of a reaction zone at such a ve-
locity as to substantially fluidize particulate
catalyst in said reaction zone portion; reducing
said gas velocity in said unrestricted zone por-
tion, passing said synthesis gas and reaction
products through a restricted zone within said
reaction zone and into a second substantially un-
restricted reaction zone portion at a, velocity suffi-
cient to substantially fluidize particulate catalyst
in said second reaction.zone portion; reducing said
gas velocity in said second reaction zone portion;
similarly passing said synthesis gas and reaction
products through at least one more restricted
zone and at least one more substantially unre-
stricted reaction zone portion; passing ‘a rela-
tively cool heat exchange material in indirect
heat exchange relation with said synthesis gas
and reaction products through a plurality of re-
stricted and unrestricted portions of cooling zone
within and substantially throughout the length of
sald restricted and unrestricted portions of said
reaction zone; and removing effluent material
from the upper portion of said reaction zone.

9. A method of synthesizing hydrocarbons by
the reaction of hydrogen and carbon monoxide
which comprises in combination the steps of
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injecting a synthesis gas comprising hydrogen
and carbon monoxide into the lower portion of a
reaction zone at such a velocity as to substan-
tially fluidize particulate catalyst in the lower
portion of said reaction zone; increasing the ve-
locity of said gas by passing it upwardly through
a restricted ares in said reaction zone so as to
fluidize particulate catalyst in a portion of said
reaction zone above said restricted area; simi-
larly passing said synthesis gas and reaction
products through at least one more restricted
zone and at least one more succeedingly smaller
volumed portion of said reaction zone; passing a
heat exchange material in indirect heat exchange
relation with said synthesis gas and reaction
products through cooling zones within and sub-
stantially throughout the length of said restricted
and unrestricted portions of said reaction zone;
and removing effluent material from the upper
portion of said reaction zone.

10. A reactor comprising in combination a sub-
stantially vertically disposed closed outer shell;
reactant material inlet means within the lower
portion of said shell; coolant conduits spaced
about and longitudinally disposed within said

shell, sald conduits having enlarged outer

diameter portions substantially equally spaced
throughout their lengths, each set of enlarged
diameter portions being on substantially the
same horizontal plane and the diameter of con-
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duit sections between said enlarged portions be-
ing successively larger from the lower to the
upper end of said conduits, whereby reaction zone
sections of successively smaller volume are
formed from the lower to the upper portions of
said shell between zones restricted by said en-
larged conduit portions; coolant inlet means
communiecating with said coolant conduits
through the walls of said shell; coolant outlet
means communicating between said conduits and
the exterior of said shell; and effluent outlet
means communicating between the upper reac-
tion zone section and the exterior of said shell.
ALFRED CLARK.
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