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The- present invention- relates to the catalytic

conversion of‘gaseous or gasiform reactants into*

synthetic products by processes involving genera-

tion or consumption of thermal energy, and-more:

particularly-is:concerned with carrying-out fixed’

or'static bed catalytic operations under- the ad--

vantages: prevailing in: “fAuid” systems:
The-present invention relatesto the continuous

operation of catalytic processes as-above-in- the-
presence of a catalyst composed of relatively:

large.particles maintained in-g mass-or bed un-

der:relatively:static:or- quiescent conditions; and:

in:heat transfer relationship-to-suitable cooling
or-heating surfaces, as the
throughout: the: catalyst' mass; the voidls; inter-
stices or passages:between the: catalyst particles

being occupied.by a fAuid phaseof relatively finely

divided solid material: suspended- in the gaseous

reactants: Under-these-conditions; the:fine; sus--

pended particles of the fluig phase, character-
istically. vibrating in: the-voids between the: cata-
lyst particles; funetion: to itnprove- the- transfér

of heat energy between the: surfaces-of‘the-cata--

lyst. and .the:heat: transfer surfaces.

Thus, for example;.in" an. exotHermic' reaction-
such.as: that involving the: synthesis ofs hydro--

carbons,;.oxygenated: hydrocarbons; and:the-like;

active catalyst surfaces spaced’from:cooling: surs-

faces:are:continuously-cooled by transfer ‘of ‘heat

through: the: fluid: phase: along” patlisextending~

through catalyst: interstices: to- adjacent’ cooling
surfaces:. With the finely- divided powder-in-a’
typical: state of dense: phase* fluidization, the:

character:of the heat:transfer between: catalyst
surfaces: and the: cooling surface: closely: ap=-

proaches.that.of: a:boiling liquid:in contact: with
such heat:transfer surfaces;

typical.of. “fluid” catalytic: operation:
The invention- istlikewise: applicablé: to- endo=
thermic- processes- wherein- the- flizig phase func=

tions in-the same way to transfér thermal'energy”
to the region” of’ the catalyst- surfaces fiom any”

desired source:

The* termss “quiescent”” or- “static’ as used
herein; with reférence to-contaet mass character
and use; mean'a-catalyst-in non=fuidized condi-
tion; that is to-say; in-a- condition: wherein the
particles-are in relative repose: with- respect’ to
one- another ifv that they: are not” materially.

buoyed’ up or-suspended iir the flow of” rea’ct’ant"
gases; and accordingly are not subjected: toﬂvthe:
characteristic vibratory or random movement

case'may be; disposed’

THhus, the: invens=-
tion provides: a. system: whereby: a- non-fuidized:
bed catalytic process may bie:operated under the-
advantageous: conditions .of temperature-control:
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which characterizes the condition of- fluidization:
These terms-therefore contemplate fixed bed‘op-
eration as-well'as operations wherein the -catalyst:
particles- are: subjected- to-simple gravitation: or
conveyanee-through the reaction: zone:

As- Intimated above; the- catalyst possesses- g
particle size and‘form:which assures a-generally-
static: or- quiescent- condition: during the-upward:
passage-of the reactant gases: This means that
the- so-ealled: settling- rate: of 'the: catalyst pars
ticles<as: determined; for example, by-their size;
shape and’ density; resist mechanieal displace~
ment by the upflow: of'reactant’ gases. Accords-
ingly; the:size of’the-partieles may- vary- within
wide-limits-dépending- upon the- rate-of reactant:
fiow, preferabily-being predetermined by trial:

By way of- example; the catalyst in the form:
oi’ granulés: of the:order-of: one-quarter to ones-
half iheh:across will usually-remain static.under:
all” fisw: veloecities: met: with in practice: ThHe
granules-may- take an irregular form- or:else be:
present in: tie: shispe 'of pellets, rings, spheres,
particles:and: the like. Moreover, for- relatively
lows reactant. flow: veleeities, the: catalyst. may:
have smaller: dimensions.. Itis.to be understood,,
however; that:the form and: arrangement .of the.
granules? is such. ag: to-provide: continuous: pas-
sages: through: the mass.

Referring;. for: purposes:of. illustration; to:the:

“hydrocarbon:.synthesis to: which. the_ present: in-
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- silicar. gel, Filtrol; ete:

vention: is most: advantageously: applicable;. the
catalyst may:comprise a.metal of the.iron group:
or ruthenium;. either- as such: op- supported:on.a:
suitable: carrier;. such: as. diatomaceous: earth,

It: may. include  conven--
tional activatorsand promoterssuch as the oxides.
of:the alkali:or-alkaline earth:metals.or aluming,.
thoria, magnesia; vanadia.and the:like;. Ib.is-to.
be:understood that.the: present invention, in:its:

~-broagdest: aspeet;.is not limited: to.the use: of: any-

specific type: of: known. catalyst. and, involving
asit.does:conventional methods of catalyst prep~
aration: and. forming; these details form no:part:
thereof, except: insofar as the catalyst. possesses
the required . particle size and form.

The fluidized-phase is selected from a powder:
composed of discrete-solid particles of such’ relze
tive-size-and‘form that they pass freely through
the passages-in’ the catalyst bed and are readily
aerated by and suspended in the gaseous reactant
flow; advantageously as a dense fluid. phase. To
this”end, the powder may be composed of any,
preferably abrasion resistant,. solid material” ca-
pable. of being. readily. powdered: Such, for. ex~
‘ample, are powdered zirconia, magnesia, fly ash,
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Carborundur and even metallic particles such as
copper, aluminum and the like. Powdered sand,
glass and other vitreous materials are equally
suitable. Particles with dark surfaces are par-
ticularly advantageous in providing optimum
black body conditions which enhance the de-
sired heat transfer effect. To this end, powdered
coke and graphite are useful. In short, the fluid
phase more or less hroadly includes any material
which tends to remain in powdered, solid form
under the conditions of the reaction and which
does not impair the desired reaction.

While, as indicated above, the degree of sub-
division of the powder may vary widely depend-
ing on the linear rate of gas flow prevailing,
nevertheless it is usually below 100 mesh and
preferably below 200 mesh in size and frequently
25 fine as 325 mesh and finer. Sucha powder may
be readily subjected to predetermined dense phase
fluidization by reasonable adjustment of the rate
of reactant flow,

While in some instances, particularly with
moderate conditions of gas flow, the dense fluid
phase will teng to distribute in the voids and pas-
sages of the catalyst mass without special han-
dling, it is usually advantageous and advisable
to maintain uniform distribution by circulating
the powder continuously to the lower portion of
the contact mass and making a corresponding
withdrawal in the efluent product gas to afford a
continual supply to the catalyst voids, minimize
size classification of the powder, and also to com-~
pensate for powder lost overhead in the effluent
stream of reaction products where circulation is
not practiced. This enables the system o be
operated with a wider latitude of increased re-
actant flow velocities to meet varying require-
ments of contact and can be readily accomplished
by regulated entrainment of the powder in the
reaction product stream, mechanical separation
and return of the solid particles to the stream of
yegetant feed entering the reaction zone.

Thus, the powder is continuously suspended.in
the inlet stream of feed gases at a rate corre-
sponding to that at which it leaves the reaction
zone, with the internal voids fully occupied by a
fluid phase of predetermined apparent density.

Moreover, the rate of entrainment and thus
the rate at which the catalyst is circulated, may
be readily regulated by adjustment of the linear
veloeity of the reactant gases passing through the
reaction zone. As indicated above, this arrange-
ment has the advantage of permitting the opera-
tion of a fixed bed catalyst system with no more
than negligible variation in temperature through-
out the reaction zone. 'This contrasts strikingly
with previous fixed bed reactors where, even with
an excessive proportion of the catalyst bed oc-
cupied by coolant conduits interlaced with com-
plex cooling fins and layered heat conductive
sheets, reaction can not be carried out at desir-
ably high rates without excessive localized over-
heating. Actually, in operation, the present in-
vention approaches closely that condition, other-
wise unaitainable, which would prevail if a cool~
ing liquid could be caused to flow directly over the
catalyst surfaces during the reaction.

The present invention has the additional ad-
vantage of overcoming certain of the known de-
facts which characterize use of the catalyst in
fluidized condition. Thus, for example, the active
particles maintain their desired relative position
with respect to the reactant stream, and thus are
continuously subjected to relatively regularized
reaction conditions as conftrasted with fluidized
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catalyst systems wherein continual top and bot-
tom mixing of the catalyst with alternate varia-
tion in reaction conditions may tend to acecelerate
catalyst deterioration and decrepitation and pro-
mote undesirable side reactions. This disadvan~
tage is particularly significant in case of the hy-
drocarbon synthesis mentioned above.

Moreover, the relatively large catalyst particles
are in convenient condition for stripping and re-
generation and may be washed in known manner
with suitable organic liguid to remove accumula-
tion of oily or waxy deposits. Obviously, such
treatments may be carried out in the absence of
the fluid phase, which can be removed by blowing
or the like.

In order to more specifically describe the inven-
tion, reference is had to the accompanying draw-
ing, Figures 1 and 2, which disclose more or less
diagrammatically preferred embodiments of the
invention.

In Figure 1, a reactor 16 of upstanding cylindri-
cal form encloses a mass of granular catalyst 11,
supported in a quiescent condition of repose upon
a perforated screen or supporting wall 12 located
near the bottom of the vessel. Advantageously,
the catalyst hed is not firmly fixed, but merely
rests loosely in the reaction zone to permit read-
justment with expansion or contraction thereof
occurring as the result of thermal or chemical
change,

Tt is to be noted that the reaction zone contains
3 heat exchanger {2 extending through the space
occupied by the catalyst and supplied with a suit-
able cooling fluid via inlet leg {4 and outlet pipe
{5. The heat transfer member or exchanger (3,
indicated only diagrammatically, may take any
suitable form, preferably being shaped to permit
relatively free, streamlined, upward passage of
the reactant gases and unhindered movement of
the inert powder.

The reactant gas or gases are conducted from
any suitable source not shown by way of pipe 16,
communicating with inlet conduit i7 to the lower
frusto-conical wall of the reactor 10. The re-
actant gases flowing through conduit 17 pick up
or entrain inert powder and convey it to the reac-
tor and into the voids between the catalyst par-
ticles as a fluid phase,

Meanwhile, the effluent reaction products from
the upper surface of the catalyst, together with
entrained inert powder, pass outwardly through
conduit i8 to a cyclone separation system 18§
where solids drop out and move downwardly
through standpipe 26 merging with the afore-
mentioned conduit 17. Accordingly, standpipe 20
provides a continuous makeup source of inert
powder adjusted fo the requirements of the re-
action zone. Any suitable mechanical feeder,
such as a star feeder 21, permits, control of
powder circulation. Moreover, a suitable strip-
ping gas such as carbon dioxide, hydrogen, flue
gas or steam, may be introduced from any source
not shown through pipe 22 to nozzle 23 to cleanse
the inert powder or remove adherent, objection-~
able deposits and at the same time to promote
desired fluidity in the standpipe 20.

It is to be understood that the cyclone sepa-
rator 8 is only illustrative of the wide variety
of known equivalents such as magnetie, electro-
static and filter separators suitabls for remov-
ing solid particles from a gasiform stream.

The products of reaction, thus separated, pass
through pipe 24 to condenser 25 and separator
28, from which overhead normally gaseous prod-
ucts may be vented as at 21 or recycled through
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branch pipe 28 and pump 31. Normally liquid
products may be removed for use or further
treatment as at 29 and 30 respectively.

In operation it will be apparent that with the
reaction zone occupied by a mass of coarse
granules of catalyst, the interior of the mass
comprises a substantial predetermined propor-
tion of communicating voids which are substan-
tially uniformly occupied by 4 fluid phase highly
effective to promote the transfer of heat between
active catalyst surfaces and spaced heat transfer
surfaces. For instance, in the case of the afore-
mentioned hydrocarbon synthesis process, the
temperature variation between catalyst surfaces
relatively remote from the cooling surfaces and
those closely adjacent the cooling surfaces may
be maintained within about 5 to 10° . limits,
whereas, in the absence of the fiuid phase, such
variation may amount to as much as 100° P,

For example, a mixture of synthesis gas com-
prising essentially hydrogen and carbon mon-
oxide in the relative molar ratio of 2:1 is passed
upwardly through a mass of typical iron catalyst
in the form of granules of about one-half inch
in diameter. The catalyst occupies a reaction
zone about 15 feet in depth and encloses a heat
transfer bundle comprising g plurality of tubes
about one inch in diameter spaced about 2%
inches on center throughout the mass.

Powdered graphite having a particle size of
less than 200 mesh, about 85% passing a 325
mesh screen, is introduced in the inlet flow of
feed gas and caused to pass upwardly therewith
and occupy the voids in the catalyst bed in a
condition of good dense phase fluidization by
control of the reactant gas veloeity to a value of
about 2.5 feet per second. Pressure within the
reaction zone is maintained at about 200 pounds
per square inch gauge and the temperature is
held at 615° F. by appropriate control of a coolant
passing through the aforementioned tubes. The
gasiform products of reaction withdrawn from
the upper surface of the catalyst are condensed
and separated showing about 98% completion
of the reaction on the basis of the consumption
of carbon monoxide in the entering feed gas.
The hydrocarbon products include predomi-
nantly liquid hydrocarbons boiling in the motor
gasoline range.

Under these conditions temperature readings
taken at random in the catalyst mass both closely
adjacent cooling surfaces and at points of maxi-
mum distance removed therefrom, do not show
a temperature variation of more than 5° . On
the other hand, operating as above but without
the fluidized powder, the catalyst at points re-
mote from the cooling surfaces will have tem-
peratures over 50° above the temperature of the
catalyst adjacent the cooling surfaces and the
production of gaseous hydrocarbons increases at
the expense of desired liquid product.

An alternative embodiment of the invention
is illustrated diagrammadtically in Figure 2, where
the reaction zone comprises a cylindrical cham-
ber 49 having upper and lower frusto-conical
wall sections 4f and 42 respectively, occupied
internally by a mass of catalyst pieces or particles
of the character herein referred to. Preferably,
the catalyst particles repose upon a screen 44
and immerse the surfaces of heat exchanger 45
as above.

Reactant gas such as synthesis gas is intro-
duced through inlet pipe 46 from any convenient
source, and enters the lower frusto-conical sec-
tion 42 of the reactor through an injector nozzle

41. An outer chamber or vessel 48 surround-
ing the reaction chamber 40 in co-axial, spaced
relation, has a conical lower wall 49 which nor-
mally accumulates a reservoir of relatively smaji
particle or powdered inert solid material as at

- 50. The injector nozzle 41 picks up the inery
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powder from this reservoir and directs it up-
wardly through the screen 48 angd into the voids
between the particles of catalyst under an ap-
propriate rate of gaseous flow such that good
fluid phase is maintained throughout the voids.

Any excess fluid phase entrained in the gasi-
form products of reaction emanating from the
upper surface of the catalyst is directed out of
the upper frusto-conical section 40 at a some-
what increased velocity of flow and, in the en-
larged upper portion of the vesse] 48, decreases
in velocity and settles into the annular space
hetween the two vessels, returning downwardly
into the reservoir 50.

The gasiform reaction products, substantially
separated from solid particles, pass through filter
51 to outlet pipe 52 and thence to further means,
not shown, for treatment and recovery of iis
contained products as previously described.

Inlet pipe 53 and distributing ring 54 permit
introduction of a stripping gas from any suit-
able source to cleanse the inert powder of inert
particles and maintain it in fuent, aerated form.

From the foregoing it will be apparent that
the present invention permits use of static cata-
lyst beds in catalytic operations involving g
thermal effect under conditions of improved heat
control. While particular mention has been
made to specific exothermic catalytic reactions,
it has application, as well, to endothermic re-
actions, such for example, as catalytic cracking
or dehydrogenation of hydrocarbons. The type
catalyst employed in each case is that conven-
tionally used for the reaction in question.

In addition to the foregoing benefits, it is
pertinent to point out that the highly agitated
particles of the fluid phase tend to exert a
scrubbing action on the catalyst surfaces and
thus to maintain the catalyst in a more or less
ideal condition of activity. Since, moreover, the
advantages of the preferred embodiment include
revivification and stripping of the fluidized
powder to eliminate any deposits thus acquired,
it will be apparent that the present invention
minimizes the need for the usual stripping and
regeneration of the coarse catalyst particles.

Obviously, many modificationg 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
should be imposed as are indicated in the ap-
pended claims.

I claim:

1. In the catalytic synthesis of hydrocarbons
wherein a synthesis gas comprising hydrogen and
carbon monoxide is bassed, under reaction con-
ditions, in contact with a fixed bed solid particle
hydrocarbon synthesis catalyst in a reaction zone
containing cooling surfaces subject to continuous
temperature control, the improvement which
comprises disposing said fixed ped of catalyst in
the reaction zone about said cooling surfaces in
the form of relatively coarse, solid particles havy-
ing interstitial communicating voids therepe-
tween, occupying said interstitial voids with g
dense fluid phase of relatively finely divided solid
particles substantially inert and non-adsorptive
under the conditions of said reaction zone, said
inert dense phase forming, in said interstitial
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voids, paths of high heat conductivity between
the cooling surfaces and surfaces of the catalyst
spaced therefrom, and continuously withdrawing
heat from the reaction zone substantially en-
tirely through said cooling surfaces at a con-
trolled rate effective to maintain the catalyst
at a substantially uniform predetermined reac-
tion temperature without substantial localized
variation.

2. In the catalytic reaction of gasiform reac-
tants involving a substantial thermal effect
wherein the reactants are passed under reaction
conditions in contact with a fixed bed of solid
particle catalyst in a reaction zone containing
heat transfer surfaces subject to continuous
temperature control, the improvement which
comprises disposing said fixed bed of catalyst in
the reaction zone about said heat transfer sur-
faces in the form of relatively coarse solid parti-
cles having interstitial communicating voids
therebetween, occupying said interstitial voids
with a dense fluid phase of relatively finely di-
vided solid particles substantially inert and non-
adsorptive under the conditions of said reaction
zone, said inert dense phase forming in said in-
terstitial voids, paths of high heat conductivity
between the heat transfer surfaces and the sur-
faces of the catalyst spaced therefrom, and con-
tinuously passing heat through said heat trans-
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fer surfaces at a controlled rate effective to main--
tain the catalyst at a substantially uniform pre-
determined reaction temperature without sub-
stantial localized variation, the maintenance of
said uniform temperature being effected sub-
stantially entirely by the passage of heat through
said heat transfer surfaces.

3. The method according to claim 2 wherein
the catalytic reaction involves liberation of
exothermic heat energy.

4, The method according to claim 2 wherein
said inert dense phase particles possess dark sur-
faces effective for black body conditions of heat
transfer.

FRANK D. HOFFERT.
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