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)

Thezpresent:inventiom relates:to: the: catalytie:
conversion:of! fluid:reactants: in- thepresence of:
powderedisolid cataiyst:wherein:the-particles:ofi
catalyst are: fluidized: in: am: up=flow- off reaetant:
gases.

Ir. aecordance: with . the: present invention: ai
reaction: zome:is:provided to which: the:flilid res-
actant or:reactants:are:introduced at:a: relatively:
low: inlet” point and: pass upwardlys aerating or-
suspending: ppwdared: catalyst in: a: condifiém off
fhidization.. At:wverticallyspaced pointsthrough=-
oufrthe reaction zone:the upflowing-reactants tos=-
gether: with: the fluidized phase-of particlées: aye:
subjected! to a- substantial® swirling: moetion: by-
mesns: of helieally- or- spirally disposesl” bafifes:
Ihtermediate:off these-spaeed’ vertical points are’
regions: of substantial’ vertical’ extent'. whereitr
the: reactants-are-free to-move upwardly-in- the:
fitid! phase: of ‘particles- without constraint:

This vertically discontinuous whirling- action”
with intermediate- dissipation  in- zones free of
lateraily - directing- influences;. results in.a. dis-
tribution  of* the: fliiid " phase which places the
contact mass. ih. a more: uniféorm. condition.
throughout . the reaction zone; tHat is. to. say,.
with a substantially, uniform. distribution.of solid.
particles. in. the. reactor: so that. the. up~-flowing:
gases continuously. makKe. contact. under. prede-
termined. conditions of. time. and. temperature..

Accordingly, therefore, the. present. invention. ©

has..the advantage. of. overcoming: the. previous:
defects in operation. referred to.generically. ass
“slugging” wherein.the gasiform reactant.tends
to. pass: through: the: fluid. phase-: in: relatively:
large -bubbles; in-which the:gas-makes:relatively:
poor; contact:with -the catalyst-surfaces:. Amums-
desirable form: of: slugging: may rbec particutariy:
objectionable: in- tubular reactiénm: zones: or: in-
zones of: lmitérd sectional rareas with .the:bubbles:
of: reactant gas; carrying: upwardly, sligs: or:
masses: of catalystiin: ai condition: of “relatively:
highhapparentcdensity; I short; the:ihvention-
has: theradvantage of‘enabling the operationof*
a: fliidizedr catalytié system under-the: condition
offuniform-:contact whiéh is required’for proper:
operation. I{hasdhefortheradvantage of'caus-
ing-the-substantial: diSruption; or' disintegration:
of conglomerate: particles which- may; and fre«
quently do, oceur as:the-result-of accretion par«
ticularly where waxy-or-other adherent-deposits-
are formed on-the catalyst’in the-course of ‘the
reaction:

THese advantages  are- obtained solély by
changing the-direction of movement- of the ra=
actant stream by-means-of ‘stationary bafies con-
figurated to-induce-a rotational or whirling mo-
tion, thus- without’ requirement for mechanical"
actuation: TIi-short; the present ifivention:con-
templates - the - periodic¢: switling - or- turbination-
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of thes fiid: phase: by means: of fiked: bafflés: of
suitablezconfiguration.

It is:to benoted: thati vertical: discontinunity
of: the: baffe: is: essentizl in: that a. contifivous:
hielix: orr spiral: would exbody: all! of’ the' disadl-
ventages:whick itt is the purpose: of” the*present:
invention-to.overcome:. Moreover, movementi:of’
the: gases: in: &~ continiual’ retational- or: whirliiz:
path: may-tend to efféct:an undesirable segregas--
tion: ors classifioation: of' catalyst particlés: TIin:
aceordarniee with tHerpresent’ ihvention, however:.
the: flow of! gages: containing: the: fluid phase: is~
repeztedly: subjected! to. a: whirling: type- off dis<-
tribution: in: predetermined: zones: intermediate:
oft which: the mixed phass tends:to: readjisttits-
selfr more: o less: to: the: general’ up-flows of?
regetantigas:.

Ih order-td more cléarly défine:tHe invention;
referevice :may- be*hadi to: the atthchied diawing:
which dissloses one preférred’embodiment-of ths’
present invention. Therein a: reaetion: vessel’
§6C0f more:or lessseylindrical formy is- jaeketed
abiout its: outer- surface: ass at” 11" and: provided®
witht: a: lowerr frusto-conical “extremity termifniat:-
ing»in: ilet conduiit! {2: for the' introduction: of”
regetant fluidl from. any- suifable: source; not
shiown: )

Sincer the present invention is particulariy-ap=-
plicable tosthe: synthesis oft Hydioearbons by the:
catalytic: reduction: off carbon:® mronoxide with-
hydrogen, description will be hereinaftér-applied:
torasreaetor: for-this-purpese.-

Abgordingly, thesreavtor supplied thirough pipe-
122 may: be-a:-typical® gas: comprising essextially:
hydrogen:iand carbon: monoxide usually’ ih" the*
molay: ratie. of 2:11. TRhis passes vertically- ups:
waxdly within:tile cylindrical'zene {9} suspendt-
ing” ar contaified’ mass: of catalyst powder: preft
erably:ifna-dénse “fikid” phase rising preférably:
tosthespseudd-Houid’level 13 THe reaction: zone
contaihs a cential'shaft' { & supported- by, a spidér
{52 conneetesd’ to- the lower comical' wall of tHe~
regetor as* shown; and*fiked; at its upper exs
tremity: to the-top wall'of ‘the remctor; as at {8

~ Thidvcential shaft' or support {4’ nounts a-. pla-

rality of fixed, vertically spaced; ragially, extend--
ing; helfeal) or-spiral screw-likerhafles {1 which.
functior to: give the  gases. passing. upwardly
theretlirn; a° whirling” or rotational. motion..
THe" bafflés” shown have. obviously, the. general:

fornr cf“fiked] .propellérs or turbihe. blades..

60

As:will'be spparent, ffom. the. foregoing, .the-
bafles may be:mounted otherwise.than. as. diss-
closed! FoOr. example,. the supporting. shaft. (4:
may be" complétely. omitted. where. peripheral.
portions of.the.bafiiés. are.attached. to.the walls:
ofthe reaction zone. Moreover, in.such.case. the..
bafiiés may take thie form of spiral or helieal:
projections. .

Moreover they need not progress helically in
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the same rotational direction but may alter-
nately extend upwardly in relatively reverse ro-
tationa] directions to give alternately opposite
rotational impetus to the flow of fluid.

It is to be particularly understood that the

terms helical and spiral, as used herein, are not
limited to surfaces which bear a constant angu-
lar relationship to a plane which passes through
the central axis thereof, but rather, are broadly
intended to cover arrangements wherein such
angular relationship may vary as in typieal pro-
peller-like surfaces, all of which are effective, as
above indicated, to effect desirable uniformity of
fluidization.

The catalyst may comprise any conventional
particulate or powdered solid contact material
capable of heing aerated or suspended, as a
“fluid” phase, in the particular flow of reactant
gas provided. In connection with the hydrocar-
bon synthesis process referred to, the catalyst
is advantageously one of the typical contact ma-
terials such as the iron group metals, or ruthe-
nium. Suitably activated, promoted and condi-
tioned metallic iron of appropriate particle size,
for example size 100 mesh or finer, may be em-
ployed. Typical activators and promoters such
as oxides of the alkali, or alkaline earth metals,
thoria, zirconia, alumina, and the like may be
incorporated in the catalyst. If desired, the cata-
lytic ingredients may be deposited upon a sup-
port, e. g., diatomaceous earth. The linear rate
of gas flow is that appropriate to maintain the
desired condition of fluidization. Usually for
powdered iron catalysts, this involves a vertical
upward linear gas velocity, in the reaction zone,
of 0.5 to about 3 feet per second.

Referring again to the reactor, the inlet pipe
18 at the lower portion of the jacket {1 permits
an introduction of coolant from any suitable
source. Coolant or vapors thereof as desired are
withdrawn by means of outlet pipe 19 at any
suitable rate and pressure whereby abstraction
of the exothermic heat of reaction at a con-
trolled rate enables maintenance of the fixed in-
ternal temperature in the reaction zone in the
usual manner.

It will be apparent that any alternative means
may be employed to accomplish this cooling
function. For example, nests of cooling tubes

may be disposed within the reactor vertically in- ;

termediate between the bafles 1T with suitable
headers for control of the coolant flow, Like-
wise, the bafles 1T may be provided with internal
passageways for the circulation of coolant liquid

and thus provide heat transfer surfaces, per se. :

Alternatively in reactions requiring supple-
mentary heat energy to supply endothermic re-
quirements, the heat transfer liquid may be sup-
plied to the heat exchange surfaces at a high
temperature at which heat flows, at the desired
rate, into the reaction zone. Likewise, evapora-
tive coolants may be injected into the reaction
zone to abstract heat herefrom in known ways.

The system is preferably operated to raise the
fluidized phase to an upper pseudo liquid level
{3 from which the reactant gases emerge into
an upper or separating section 20 of the reactor.
From there, they are withdrawn by way of filter
21 and outlet conduit 22. The withdrawn prod-
uet may be treated by condensation and separa-
tion or in any other desired manner to separate
liquid reaction products, and normally gaseous
products can be recycled to the inlet pipe 12 if
desired.

As intimated above, the present invention is
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of particular advantage in connection with re-
actors wherein the fluid phase contact mass re-
sides within tubular zones of relatively small
diameter. It is within relatively elongated tubu-
lar contacting chambers of less than about two
inches in internal diameter, that the excessive
slugging or discontinuity of the fluid phase tends
particularly to occur, whereas in larger reaction
zones it may not constitute a material problem.
The invention therefore has particular applica-
tion to upstanding reaction zones having an in-
ternal width or diameter less than about two
inches.

It is particularly advantageous to provide pro-
peller-like or helical surfaces which are formed
to avoid the accumulation of catalyst particles
on the upper portions thereof. Thus, while as
broadly shown above, the angle of the helical
surfaces may vary widely, it is advisable to pro-
vide a substantial helical angle at which solid.
particles are incapable of settling and resting
upon such surfaces. This can be accomplished
at angles greater than that corresponding to the
angle of repose of the particular solid particles
forming the fluid phase, under the conditions of
operation. For example, the propeller-like or
helical surfaces may be designed so that helical
angle is at all points at least 45° or greater with
respect to a plane normal to the axis of the helix.
Where desirable, it is contemplated that the
upper surface of the helix may be disposed at an
angle appropriate to avoid residence of settled
catalyst, while the downwardly facing surfaces
thereof take any other angular form suitable to
effect the desired whirling movement.

From the foregoing, it is apparent that the
present invention not only assures uniformity of
fluidization in reaction zones of restricted sec-
tion, but, in addition, enhances heat transier by
virtue of the fact that the swirling gases with
contained fluid phase catalyst tend to move at
relatively high velocity across the cooling sur-
faces. Obviously this effect finds particular ap-
plication in connection with tubular type reactors
using preferably cylindrical reaction tubes of
small internal diameter, less than about two
inches, the external surfaces of which are con-
tacted by the heat transfer fluid.

Such class of reactors includes the type em-
ploying a nest of upstanding, parallel reaction
tubes supported at upper and lower extremities
by headers or tube sheets with laterally inter-
vening spaces in which is circulated a suitable
heat transfer fluid such as the coolant above re-
ferred to. Thus, while the invention has been
specifically described above in connection with
an embodiment employing a single, jacketed
tubular reaction zone it is equally suitable where
a, multiplicity of such tubes are arranged for
parallel operation, with temperature control
effected by indirect contact with a heat transfer
fluid circulating about the outer surfaces of all
the tubes. It will be appreciated, of course, from
the foregoing, that each of the tubes of such a
reactor will be individually provided with axially
spaced helical baffles capable of imparting the
necessary whirling motion as described above.

The axial spacing of the propeller like baffles
may vary widely but is usually most effective in
smaller diameter reactors with a spacing of from
1 to 6 times the internal diameter of the reaction
zone. Ordinarily, for large diameter reactors, as
for example, those of 5 feet and greater diam-
eter, the baffles are desirably spaced not more
than 5 feet apart. So also, where the embodi-
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ment shown in the figure of the drawing is em-
ployed, the central structure or supporting
column {4 may be centrally bored as shown at 25
to receive a thermocouple or any other tempera-
ture responsive device to reflect internal reaction
temperatures.

While the invention has been more specifically
described in connection with synthesis of hydro~
carbons, it is equally adaptable fo endothermic
processes such as fluid catalytic cracking or de-
hydrogenation operations and any others wherein
heat transfer fluid, at a relatively high tem-
perature, may supply the heat of reaction at a
desired rate to the fAuid phase. The invention,
however, while particularly advantageous in
connection with operations wherein heat is trans-
ferred to or abstracted from the reaction by
associated heat transfer surfaces, is, in its broad-
est sense, not so limited since the advantages of
fluid phase uniformity are in any event available.
Accordingly, the invention is broadly adaptable
to processes wherein reaction heat is handled in
varioug ways, as where sensible heat is introduced
or withdrawn with the incoming or outgoing re-
actants or catalyst as the case may be, or by
means of a thermofor.

Obviously many modifications and variations
of the invention as hereinkefore set forth, may
be made without departing from the spirit and
scope thereof, and therefore only such limitations
should be imposed as are indicated in the
appended claims.

We claim:

1. In the process of effecting the catalytic con-
version of gaseous reactants into desired prod-
ucts of reaction by the upward passage of said
gaseous reactants through an upstanding re-
action zone containing a solid particle mass of
powdered catalyst, at a linear rate effective to
support the solid particle catalyst as a dense
fluid phase of substantial vertical height within
the reaction zone such that the contact between
the reactants and the fluidized catalyst is suffi-
cient to effect substantial conversion into de-
sired products of reaction, the improvement
which comprises maintaining substantially uni-
form distribution of the solid catalyst particles
throughout the reaction zone by causing the up-
flowing stream of reactant gas, at at least one
point intermediate of the vertical section of the
dense fluid phase of catalyst to contact fixed,
stationary helical surfaces developed about an
upstanding axis and effective to impart substan-
tial rotational movement to the reactant gas
stream about said axis, without imparting up-
ward velocity to the gas flow, thereafter conduct-
ing the reactant gas stream upwardly for a sub-
stantial distance through the fluid phase mass of
catalyst under conditions permitting substan-
tially free vertical flow, and withdrawing prod-
uets of reaction from contact with the fluid phase
of catalyst from the upper portion thereof.

2. The process according to claim 1 wherein
the gaseous reactants comprise essentially a
mixture of Hs and CO, the catalyst comprises a
hydrocarbon synthesis catalyst and the products
of reaction thereby produced are hydrocarbons
and the like.

3. The method according to claim 1, wherein
contact with the fixed, stationary helical sur-
faces in accordance with claim 1 is effected at a
plurality of vertically spaced points within the
dense fluid phase of catalyst, separated by inter-
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mediate zones of substantial vertical extent
maintained under conditions permitting substan-
tially free vertical flow.

4. In the catalytic hydrogenation of carbon
monoxide into desired products comprising
hydrocarbons and the like by the upward pas-
sage of the gaseous reactants comprising essen-
tially H» and CO through an upstanding re-
action zone containing a solid particle mass of
powdered hydrocarbon synthesis catalyst main-
tained at reaction temperature, at a linear rate
effective to support the solid particles of cata-
lyst as a dense fluid phase of substantial vertical
height within the reaction zone such that con-
tact between the reactants and the fluidized cata-
lyst is sufficient to effect substantial conversion
into said desired products of reaction, the im-
provement which comprises maintaining sub-
stantially uniform distribution of the solid cata-
lyst particles throughout the reaction zone by
causing the upflowing stream of reactant gas, at
o plurality of vertically spaced points within the
dense fluid phase of catalyst, to contact fixed,
stationary helical surfaces developed about an
upstanding axis and positively mounted against
rotation to impart substantial rotational move-
ment to the stream of reactant gas about said
axis without imparting upward velocity to the
gas flow, conducting the reactant gas stream
emerging from contact with each of said helical
surfaces upwardly through a substantial ver-
tical column of fluidized catalyst in the space
between said vertically spaced helical surfaces
under conditions permitting substantially free
vertical flow and withdrawing the products of
reaction from the upper surface of the fluid
phase.

5. The process according to claim 4 wherein
reaction temperature is maintained at a substan-
tially uniform value by indirectly transferring
reaction heat to a heat transfer fluid through
cooling surfaces in direct contact with said dense
fluid phase of catalyst.

6. The method according to claim 4 wherein
the spaced helical surfaces are separated a dis-
tance equal to about 1 to 6 times the diameter of
the reaction zone.

ROLAND N. BECK.
EUGENE E, SENSEL.
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