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The present invention relates to vapor phase

catalytic reactions employing a powdered cata-.

lyst in a condition of fluidization and is more par-

ticularly concerned with vapor phase catalytic -
reactions involving a substantial thermal effect,

either exothermic or endothermic, but requir-
" ing a careful temperature control and a prede-
termined, controlled distribution of reactants
throughout the contact mass. i

* More particularly, the present invention in-.
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. volves the provision of a mass of catalyst in fine.

particle or powdered form held in a state of
fluidization, preferably dense phase, by a gaseous
stream passed upwardly therethrough while in-
‘troducing a second gaseous stream comprising re-
actant substantially uniformly throughout the
mass of fluidized catalyst, the gaseous reactant
flowing as a segregated stream in a substantially
vertical or upright direction through the fluidized
mass and being discharged progressively as
smaller streams into the fluidized mass at a plu-
rality of vertically spaced points. Advanta-
geously, the segregated reactant stream can be
handled by means of suitable tubes or conduits
extending upwardly or downwardly into the re-~
action zone, and provided with perforated, aper-
tured, or porous walls through which the small
side streams are released, in a predetermined
pattern, into the fluidized catalyst mass.

Disposed within the fluidized catalyst mass is
8 suitable arrangement of heat transfer surfaces
or tubes subjected internally to passage of a suit-
able heat transfer fluid capable of either extract-
ing heat from the fluidized mass or supplying
heat energy thereto in a controlled manner such
as to maintain more or less predetermined tem-
perature uniformity throughout the fluidized re-
action mass. It is preferable that the heat trans-
fer members or surfaces be regularly disposed in
sufficient number throughout the reaction mass,
so as to accomplish a very high degree of tem-
perature uniformity.

The invention will hereinafter be described as
applied to the synthesis of hydrocarbons by the
catalytic reduction of carbon oxide with hydro-
gen, which reaction forms the preferred embodi-
ment bf the present invention and usually in-
volves, as is known, contact at an elevated tem-
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perature between a gas comprising a mixture of .

carbon monoxide and hydrogen and synthesis
catalyst, e. g., powdered iron.

50

The temperature employed depends on the *

catalyst selected as well as the particular type. of
products desired. As is also known, typical iron

2
carbon products at a temperature in the range
of 600° F. to 650° F. and at an elevated pressure,
say 200 to 250 1bs. per sq. in. gauge. The reaction

" is quite exothermic and accordingly requires

special precautions to hold the operating tem-
perature in the reaction zone at the specific, de-
sired value.

It has been found that a mass of finely divided
catalyst may be held in a condition of dense phase
fluidization by recycling the normally gaseous
reaction products recovered from the total re-
action effiuent, in such a manner that the gasi-
form recycle stream passes upwardly through the
contact mass while the fresh feed reactants are
introduced, preferably above the point of intro-
duction of the recycle stream, through perforated
or porous tubes which extend vertically in the
reaction zone a substantial distance so that the
fresh feed stream of reactant gases is suppled
progressively throughout an extended vertical
section or portion of.the reaction zone. Any re-
quired number of inlet conduits for the fresh feed
gases may be provided so that the introduction
of these gases into the reaction zone and it inter-
mingling with the gasiform recycle flow take
place substantially instantaneously and uniformly
throughout the fluidized catalyst mass.”

The injection of the segregated 'reactant
stream is generally accomplished laterally to up-
ward flow of gases in the reactor, thereby to se-
cure rapid admixture. In this way the reactant
or reactants supplied are progressively dissipated
by separation into a multiplicity of small streams,
ejected from the tube or conduit at predetermined
points and at controlled rates along the vertical
length thereof. ' )

The present invention has the important ad-
vantage of enabling the reactants to be supplied
in a predetermined pattern of initial coatact and
distribution throughout the reaction zone with-
out the usual disadvantages. In highly exother-
mic catalytic reactions such as the present, the
introduction of the total feed to the lower por-
tion of the reactor tends to result in localized
overheating, such that even carefully designed
cooling instrumentalities cannot provide an ade-
quate thermal control. Moreover, as is obvious
to those skilled in the art, the localized concen-
tration of the catalytic reaction in g specific por-
tion or portions of the reaction zone tends to’
result in undesired side reactions and in other . -
objectionable effects which may be largely over-..:
come in a reactor functioning more or less uni=
formly throughout the contact mass. While it

catalysts produce predominantly liquid hydro- 88 has been heretofore proposed to employ spaced 2
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injection of the reactant gases throughout the
vertical extent of the reaction bed, relatively
complex and usually economically undesirable
structures are required if the injected gases are
to intermingle uniformly with the gasiform flow
within the reactor. As a result, these prior pro-
posals are generally compromises in which local-
ized, insufficiently intermingled streams of the
injected feed reactants will react at varying rates
in the catalyst mass, creating conditions of in-
ternal non-uniformity in the reaction zone al-
most as bad as those sought to be overcome.

In accordance with the present invention, how-
ever, it has been discovered that where the cata-
lyst is uniformly fluidized by a suitable gaseous
stream, laterally injected gasiform streams of
fresh reactant introduced into the highly ebulli-
ent and agitated catalyst powder become inter-
mingled uniformly with the contents of the re-
action zone substantially throughout the entire
reaction zone with such rapidity that for all
practical purposes intermingling may be con-
sidered instantaneous. Accordingly, the condition
of the reaction mass at any horizontal section is,
for all intents and purposes, uniform, so that the
process may be carried ouf continuously under
predetermined optimum conditions over long
perlods of time.

The invention has the further advantage of
enabling the process to be carried out in unitary
reactors of large capacity with ail the beneiits
of large-scale operaltion and relatively high
throughput. This contrasts with many prior
proposals, of which I am awsare, wherein fixed
beds of catalyst must necessarily be arranged in
relatively thin layers necessitating a multiplicity

.of - complicated catalytic cells, tubes, or layers,

each provided with its individual heat transfer
surfaces and reactant supply and product recov-
ery means. In short, the present invention per-
mits operation economically with a large single
mass of catalyst in a unitary reaction chamber
in which are disposed only relatively simple in-
strumentalities for introducing .feed gases and
withdrawing reaction heat.

In order to describe the invention more in de-
tail, reference is had to the flgures of the ap-
pended drawings wherein Figure 1 represents
more or less diagrammatically a sectional eleva-
tion taken centrally through a reactor embodying
the principles of the present invention.

Figure 2 is g sectional view of the reactor of
Figure 1, taken horizontally oix the line 2—2 of
Figure 1;

Figure 3 is a detailed sectional elevation show-
ing one arrangement for mounting a porous
supply tube; and

igure 4 is an elevation of an alternate type
of porous tube. .

Referring more particularly to Figure i, the
reactor therein disclosed comprises an outer cy-
lindrical shell {0 having a funnel-shaped lower
portion i1 and containing a mass of fluidized
catalyst 12 in a state of dense phase fluidization.
An inlet pipe 13 supplies a stream of recycle gas
from a source, hereinafter to be described, to the
lower extremity of the funnel-shaped section il
at such a rate as to maintain the aforesaid con-
dition of dense phase fluidization with the par-
ticles in a state of rapid vibration, cverall analog-
ous to a boiling liquid mass. Additional and in-
dependent means for introducing fresh feed re-
actants from any suitable source (not shown)
comprises an inlet tube {4 which supplies an in-

ternal ring-shaped manifold i§ within the mass 78
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4
of catalyst. The manifold or distributing ring I8
is provided with a plurality of upstanding supply
tubes 18 closed at their upper extremities §7 and
provided with a predetermined pattern of spaced
apertures 18 throuyhout thuir vertical surfaces.

The tubes 18 are preferably uniformly spaced
as shown in Figure 2 so that the fresh feed gas
flowing outwardly through the apertures 18 is
rather well distributed through the mass of cata-
lyst. In any cmbodiment, the precise number and
disposition of tubes {6 will obviously depend on
the degree of fluidization of the catalyst, the rel-
ative rates at which the gases are supplied both
through pipe 13 and pipe 14, and numerous other
factors. In any event, it is a simple matter, with
reasonably well distributed inlet feed tubes {8 tc
operate so that the feed gas is for all intents and
purposes instantaneously intermingled with the
violently agitated catalyst and reaction products
into which it is injected,

The upper portion of the reactor {0 may be en-
larged as at 19 and provided with a pair of ver-
tically spaced tube sheets 20 and 24, respectively.
The space between the normal pseudo-liquid level
12A of the fluidized catalyst and the lower tube
sheet 29 receives the effluent gasiform reaction
products which are drawn off through outlet pipe
22 for further treatment and recovery as will
hereingfier be described in more detail.

Temperature control within the reactor is ef-
fected by means of a plurality of bayonet-tyne
cooling fubes 23 suspended from the fube shesd
20 and extending downwardly substantially co-
extensively with the supply tubes i8. Coolan: is
fed from any suitable source through inlet pipe
24 into a chamber 2% defined by the upper tube
sheet 24 and the upper wall of the reactor, The
coolant, such as Dowtherm (a mixture of diphenyl
ether and diphenyl), water or mercury thence
flows downwardly through a series of relatively
small diameter fubes 27 extending interioriy and
coaxially of fthe larger heat exchange tubes 23
and to a point spaced somewhat from the lower,
closed extremity of the larger tubes.. Obviously
from the foregoing it will be seen that the suppiy
of coolant rises within the tubes 23 and may be
withdrawn from the chamber between the tube
sheets 20 and 2§ by means of outlet pipe 26. The
temperature of the cooling surfaces may be con~
trolled by circulating a coolant at a predeter-
mined temperature and rate of feed, or by using
the exothermic heat energy to vaporize the coocl«
ant at an operating pressure which will auto-
matically maintain the cooling surfaces at the
required temperature,

The effiuent preducts of reaction withdrawn
through pipe 22 may be supplied to a cyclone 28
or any other conventional form of separator
adapted o remove entrained catalyst particles
from the gasiform flow. The catalyst thus sepa-
rated is returned by way .of standpipe 29 to the
main body of catalyst in the reactor. The sepa~
rated gases are supplied to condenser 30 by means
of pipe 31, the condensed product passing
through pipe 32 to a separator 33. In the sepa-
rator, water and liquid hydrocarbon layers are
separated and recovered by way of outlet pipes
34 and 35, respectively.

Part of the normally gaseous reaction products
pass overhead by way of pipe 38 to pump 37 from
which they are fed into the aforementioned pipe
i3. The remainder of the gaseous products flow-
ing through pipe 38 are withdrawn at 36A and
disposed of in any desired manner.

In operation, it will be apparent that the fresh
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feed gases are supplied to the fluidized catalyst
in a predetermined pattern of injection con-
trolled by the spacing and arrangement of the
apertures 18 of the supply or distributing tubes
{8. The fresh feed gases will normally comprise
hydrogen and carbon monoxide in the molar ratio
of about 2:1, respectively. Advantageously, con-
tact time is such as to reduce the carbon mon-
oxide content of the efluent gases to not less
than about 1% on a molar basis. The normally
gaseous products remaining after separation of
the liquid reaction products, comprise unreacted
carbon monoxide and hydrogen, usually some by-
product carbon dioxide and some light gaseous
hydrocarbons such as methane. These are re-~
cycled to the bottom of the reactor in sufficient
quantity to maintain, in combination with the
flow of fresh feed gases, s good state of dense
phase fluidization of the powdered catalyst. Ad-
vantageously, the volume of recycle gas is from
about 1 to 3 times the volume of fresh feed
addition; this is sufficient to maintain the fluid-
ized reaction mass in extremely uniform con-
dition throughout not only as to degree of fluid-
ization but as to operating temperature. Thus,
with the cooling surfaceswell distributed through-
out the highly agitated mass and with the re-
actant fresh feed injected progressively along the
height of the reaction zone, temperatures may
be readily maintained within about 1 or 2 degrees
from the operating temperature selected. More-
over, it is possible to control the gaseous com-
position at any elevation in the reactor with the
assurance that for all practical purposes it will
be uniform throughout the horizontal cross-
section at that elevation. Obviously, this means
a degree of control of the reaction hitherto con-
sidered to be impossible.

While Figure 2 illustrates more specifically one
arrangement of cooling and gas feed tubes, never-
theless the invention is not so limited and in its
broadest aspect may embody any suitable alter-
native arrangement such that a good distribution
of fresh reactants and cooling surfaces is effected.

In accordance with one specific example, a
vessel is provided containing a mass of iron
catalyst composed of metallic iron particles of
200 mesh and finer, at least 65% passing a 325
mesh screen. The catalyst contains about 1% %
of sodium oxide (Na20) and about 2% alumina
(Al203) and is conditioned in a conventional
manner by prior treatment with a mixture of
.carbon monoxide and hydrogen until a condition
of more or less settled catalytic activity results.
The vessel is provided with cooling surfaces which
maintain the catalyst at a temperature of 625°
F. The reaction system is operated under 250
* 1bs. per sq. in. gauge. A fresh feed gas consist-
ing of about 62% hydrogen and 33% carbon
monoxide, the remainder being essentially nitro-
gen, methane and carbon dioxide, is supplied
through & plurality of porous brass tubes im-
mersed in the catalyst mass, the feed gas in-
jection being substantially uniform from a point
near the bottom of the contact mass to a point
spaced about 3 feet from the upper pseudo-liquid
level thereof. Fluidization is maintained by in-
troduction into the bottom of the vessel of a flow
of recycle gas consisting of the normally gaseous
constituents of the efluent product. The recycle
gas flow amounts to about twice the total flow
of fresh feed gas on an equivalent volume basis.
The fresh feed gas is preheated to about 600° ¥
while the recycle gas is preheated to about 580° P,

Under the foregoing conditions, the yield of

6

liquid hydrocarbons (Cs and higher) recovered
amounts to about 85% on the basis of carbon
monoxide consumed. Moreover, the catalyst
mass does not vary more than 2° F. from the
aforementioned operating temperature of 625°
F., at any point in the vessel. Without any
treatment, about 60% of the synthesized liquid
hydrocarbons boil in the gasoline range. By de-
oxygenating the oxygenated hydrocarbons and
polymerizing the unsaturated C: and Cs hydro-
carbons, the total gasoline recoverable from the
process corresponds to approximately 75% of the
converted carbon monoxide.

It is to be understood that the present inven-
tion has wide adaptability in respect to the pos-
sible embodiments whichmaybe employed. Thus,
for example, the reactant supply tubes or dis-
tributing members may take any suitable form
adapted to inject the reactants in the progressive
pattern desired. Figure 3 shows a porous tube
38 of the type employed in the foregoing example.
Such porous tubes may be formed of a porous
refractory material, such as Alundum or Car-
borundum, as well as metals prepared by powder
metallurgy techniques. With this arrangement,
means are required to couple the porous tube
38 to the manifold ring 15 and there is accord-
ingly disclosed an upstanding branch pipe 38
which connects with the manifold 15 at its lower
extremity and which at its upper extremity is
provided with a bell socket 40 which receives the
lower extremity of the porous tube 38. Any suit-
able sealing cement #{, such as water glass and
zirconia, or Alundum cement, seals the juncture
as shown.

In PFigure 4 there is disclosed a porous tube 38
. provided with spaced bands 42 representing im-
pervious areas, for example, formed by coating
tube ‘38 in these places with an impervious ce-
ment. This arrangement is of particular im-
portance where the pressure drop in the supply
or distributing tube becomes significant due to
such things as relatively small tube diameter or
other factor as a result of which it may be de-
sirable to provide for relatively better egress of
the gas at a point removed from the inlet end.
In such case the impervious bands 42 are so
arranged on tube 38 as to leave intermediate,
permeable  sections of successively increasing
vertical extent in .an upward direction. Ob-
viously, many. other equivalent arrangcments
will occur to those skilled in the art, such as a
tube provided with perforations or apertures
which increase in number and/or size in the di-
rection away from the inlet extremity of the
tube. To facilitate uniform injection of reactant
gas into the fluidized mass, it is sometimcs ad-
vantageous to supply the reactant gas to the
porous or perforated tubes from both ends since
60 this has an equalizing effect.

In addition to allowing for pressure drop with-
in the tube, the pattern of feed injection may
require some adjustment based on actual exper-
ience in op:ration, in order to maintain the de-

65 sirable temperature uniformity referred to above.

While the foregoing description, for conven-
ience in illustration, refers to a recycle stream
embodying all of the normally gaseous reaction
products, nevertheless the invention is not so

70 limited but may employ, as a recycle stream, any

selected portion or components thereof. Such a

process may obviously be operated with conven-

tional gas recovery systems (not shown) adapted
to recover or separate the required fractions or
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In place of the iron catalyst employed in the
preferred process of hydrocarbon synthesis, any
of the familiar catalysts, such as . nickel, cobalt
and ruthenium, may be employed in powdered
form, whether supporfed or not, accompanied
by any of the conventional activators or pro-
moters. For example, the alkali. metal or al-
kaline earth metal oxides, alumina and titania
may be present in the catalyst.

Many other specific modifications and adapta-
tions of the present invention will be obvious to
those skilled in the art from s consideration of
the forigoing ‘exemplary description and it is
therefore to be understood that the invention is
not limited to any such details except as defined
in the following claims.

I claim:

1. In an apparatus for catalytic vapor phase
reactions wherein a reactant gas is contacted
with a fluidized catalyst at an elevated tempera-
ture, a reaction vessel having a reaction zone
adapted to enclose a fluidized mass of powdered
catalyst, means adjaceunt the lower portion of
the reaction vessel for passing a distributed flow
of a gaseous stream through the catalyst in an
upward direction for maintaining the catalyst
in a state of fluidization, an upright conduit dis-
posed within the reaction zone, said conduit be-
ing closed at one extremity and being operatively
connected adjacent the opposite extremity with
means for passing the reactant gas through said
conduit, said conduit being a porous tube having
predetermined, spaced portions of the surface
thereof provided with a relatively impermeable

- coating, effective to seal the pores thereof, the

intermediate portions of said surface being free
from said coating such that the reactant gas
passes therethrough for injection into the fluid-
ized mass of catalyst and means located at the
upper portion of the reaction vessel for with-
drawing a gasiform stream contfaining the prod-
ucts of reaction. -

2. In the synthesis of hydrocarbons by the exo-
thermic reaction of carbon monoxide with hy-
drogen in contact with a hydrocarbon synthesis
catalyst involving the passage of the reactants
upwardly through a fluid phase mass of solid
particle hydrocarbon synthesis catalyst in a re-
action zone, maintained at an elevated tempera-
ture at which the said reaction proceeds, the
improvement which comprises injécting into the

lower portion of said reaction zone a -gaseous

fluidizing stream, causing said gaseous fluidiz-
ing stream to flow upwardly through the cat-
alyst in contact therewith to maintain the cat-
alyst particles in dense fluid phase condition
with an upp:r, pseudo-liquid surface, passing a
reactant stream in a path of flow extending up-
wardly and internally through the said fluid
phase mass of catalyst out of contact and in

10

15

20

25

30

8

exothermic reaction of carbon monoxide with
hydrogen in contact with a hydrocarbon syn-
thesis catalyst involving the passage of the re-
actants upwardly through a fluid phase mass of
solid particle, hydrocarbon synthesis catalyst in
a reaction zone, maintained at an clevated tem-
perature at which the said reaction proceeds,
the unprovement. which comprises injecting into
the lower portion of said reaction zone a gaseous
fluidizing stream, causing said gaseous fluidizing
stream to flow upwardly through the catalyst in
contact therewith to maintain the catalyst par-
ticles in dense fluid phase condition with an
upper, pseudo-liquid surface, passing a reactant

‘stream in a path of flow extending vertically

and internally through the said fluid phase mass
of catalyst out of contact and in indirect heat
exchange relationship therewith, injecting the
entire reactant stream into the dense fluid phase
of catalyst particles along said vertical path of
flow 'in successive portions, the uppermost of
which is disposed & substantial distance helow
said upper pseudo-liquid surface so that the
injected portions of the reactant stream meet
and intermingle with the upflowing fluidizing
stream at a multiplicity of points along a sub-
stantial vertical section of the reaction zone
within the fluid phase of catalyst, withdrawing
the effiluent gaseous products from the top por-
tion of the reaction zone and recovering desired
products of reaction therefrom.

4. The method according to claim 3 wherein

‘the gaseous fluidizing stream comprises normally

gaseous effluent products previously recovered
from the reaction zone.
5. In an apparatus for catalytic vapor phase

' reactions wherein a reactant gas is contacted with

40
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(1]

indirect heat exchange relationship therewith, |

injecting the entire reactant stream into the
dense fluid phase of catalyst particles along said
upward path of flow in successive portions, the
uppermost of which is disposed a substantial dis-
tance below said upper pseudo-liquid surface so
that the injected portions of the reactant stream
meet and. intermingle with the upflowing fluid-
izing stream at a multiplicity of points along a
substantial vertical section of the reaction zone
within the fluid phase of catalyst, withdrawing
the efluent gaseous products from the top por-
tion of the reaction zone and recovering desired
products of reaction therefrom, -

3. In the synthesis of hydrocarbons by the

63
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a fluidized catalyst at an elevated temperature,
a reaction vessél having a reaction zone adapted
to enclose a fluidized mass of powdered catalyst,
means adjacent the lower portion of the reaction
vessel for passing a distributed flow of a gaseous
stream through the catalyst in an upward di-
rection for maintaining the catalyst in a state of

5 fluidization, an upright conduit disposed within

the reaction zone, said conduit being closed at
one extrermty and being operatively connected
adjacent the opposite extremity with means for
passing the reactant gas through said conduit,
said conduit being a porous tube, said ‘porous
tube varying in relative porosity along its length

.and increasing in relative porosity in a direction

progressing from the point where said reactant
gas passes thereinto, such that the reactant gas
passes therethrough at predetermined rates, for
injection into the fluidized mass of catalyst and
means located at the upper portion of the reac-
tion vessel for withdrawing a gasiform stream
containjng the products of reaction.

6. The apparatus according to claim 5 wherein
a plurality of said upright conduits are dis~
posed within the reaction zone in laterally spaced
relationship. :

7. The apparatus according to claim 5 wherein
the upright conduit comprises a porous metal
tube.

8. The apparatus according to claim 5 wherein
said conduit is enclosed at its upper extremity
and is connected adjacent its lower extremity
with said means. for passing the -reactant gas
therethrough.

9. The apparatus according to claim 5 wherein
the reaction zone contains heat transfer sur-

78 faces disposed in spaced relationship to said
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upright conduit, and subject to regulated tem-
perature control by an internal coolant.
PAUL W. GARBO.
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