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1

This invention relates to an improved method
for hydrogenating carbon oxides to produce hy-
drocarbons and oxygenated organic compounds.
The carbon oxides treated include not only carbon
monoxide and carbon dioxide but also other or-
ganic compounds ‘which contain the carbonyl
group, such as ketones, aldehydes, acyl halides,
organic acids and their salts and esters, acid an-
hydrides, amides, etc., and whose reaction with
hydrogen to produce other oxygenated com-
pounds and hydrocarbons is promoted by the
catalysts and reaction conditions which -are ef-
fective to promote the reaction of hydrogen with
carbon monoxide or carbon dioxide. While the
improved process is applicable to the hydrogena-
tion of these compounds of oxygen and carbon,
hereafter referred to as carbon oxides, to produce
both hydrocarbons and oxygenated organic com-
pounds, the invention is particularly applicable
to the large-scale production of hydrocarbons by
the hydrogenation of these carbon oxides, par-
ticularly carbon monoxide. This application is
a continuation-in-part of application Serial No.
550,799, filed August 23, 1944, now Patent No.
2,4438,279.

In reacting a carbon oxide, such as carbon
monoxide, with hydrogen to produce a desired
product, it is necessary to maintain the reac-
tion temperature at the level at which the reac-
tions leading to the desired preduct predominate
over collateral reactions which form undesired
products. Such temperature control is extreme-
ly difficult because the reactions resulting from
the hydrogenation of carbon oxides are highly
exothermic.

It is an object of this invention to provide an
improved method for reacting hydrogen with
carbon oxides, in which the catalyst is employed
in a highly efficient manner, and at a high space
velocity, while rapidly removing heat from the
zones of highest reaction rate in the catalyst
chamber.

The present invention comprises contacting the
gaseous or vaporous reactants with finely divid-
ed catalyst under conditions such that the catalyst
is ‘suspvended in the reactants as a dense,
pseudo-liquid, turbulent mass in which the cat~
alyst particles circulate at a high rate to produce
intimate mixing of the catalyst mass, and re-
moving the heat of reaction, to control the reac-
tion temperature, by injecting into the dense
mass of circulating catalyst liquids which are
vaporizable at the reaction conditions of tempéra-
ture and pressure.
is contained in a suitable reactor, and the reac-

The mass of ‘contact material
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tion gas mixture is passed upwardly through the
mass at a velocity which is sufficiently high to
maintain the mass of contact material substan-
tially in suspension in the gas. Preferably, the
velocity of the gas stream is maintained suffi-
ciently low to maintain the greater part of the
catalyst mass in pseudo-liquid condition in which
it exhibits many of the properties of a true liquid,
particularly as to flowability and density. At the
same time the velocity is maintained sufiicient-
ly high, in the preferred form of the invention,
to produce in the relatively dense pseudo-liquid
mass of finely divided material a highly turbulent
motion of the particles, whereby they circulate
at a high rate throughout the pseudo-liquid mass.

The fliiidized mass of catalyst is quite dense,
resembling in this respect a settled mass of the
same material. The density of the fluidized mass
ordinarily is not less than half that of the setiled
mass. - While the dense turbulent catalyst mass is
said to be suspended in the gas stream, this does
not imply any movement of the catalyst mass as
a whole along the path of flow of the gas stream.
In dense phase operations, the catalyst mass is
suspended in the gas stream but not entrained
therein, although a portion of the catalyst may
be carried away from the dense fluidized mass
by becoming entrained in the gas stream emerg-
ing from the upper surface or interface of dense
pseudo-liquid catalyst mass.

The gas mixture is introduced into the reac-
tor through an inlet in the bottom of the reac-
tor whereby - the gas stream passes upwardly
through the catalyst mass to be maintained in
a - fluidized condition. Conveniently the inlet
comprises one or more connections whose ag-
gregate cross-sectional area is substantially less
than the corresponding dimension of the space in
which the fluidized mass of catalyst is to be main-
tained. The gas stream thus passes into the re-
actor at a relatively high velocity which prevents
the passage of catalyst out of the reactor against
the entering gas stream. Inside the reactor the
velocity of the gas stream decreases to the rate
necessary to produce the desired degree of fluid-
ization of the catalyst mass. For convenience the
velocity of the gas stream in the reactor is given
in terms of the theoretical velocity of the gas
stream through an empty reactor, referred to
hereafter as the superficial velocity. It is evi-
dent, however, that the velocity of the gas stream
decreases to the superficial velocity only if the
reactor is sufficiently larger than the volume of
fluidized catalyst to permit the maximum possible
disengagement.-of the gas stream and catalyst.
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As the concentration of catalyst in the fluidized
mass varies from a maximum at the bottom to a
minimum at the top, the linear velocity of the
gas stream would normally decrease as it passes
upwardly through the catalyst mass even without
reaction. The extent of the variation in the
density of the fluidized mass is affected by the
superficial velocity, the greatest variation in the
density of the catalyst mass being observed. at
relatively high superficial velocity. The linear

velocity of the gas stream is affected also by the:

contraction in volume of reactants as-the reac-
tion proceeds and by the expansion of vaporiz-
ing cooling liquids. 'Thus the superficial velocity

at the top of the reactor may be greater or. less.

than at the bottom,

If the catalyst chamber or reactor is-somewhat:

larger than the volume occupied by the fluidized
mass, the catalyst in the reactor appears: to.be
distributed in two visually distinet phases. The
first of these is the relatively dense, pseudo-liquid
mass of fluidized catalyst; previously described;
which cccupies the lower portion of the reactor
and comprises all. but.a. minor proportion of the
catalyst in the reactor. This phase is designated
as the dense phase. The second phase, which
occupies the upper part.of the.reactor, is-a diffuse
phase in which the concentration of contact
material is far less, and:of a. different order of
magnitude, than the average concentration. in
the dense phase. The diffuse phase may be said
to be a disengaging zone.in which the solids lifted
above the dense phase by the gas stream are dis-
engaged therefrom to the extent that such solids
are present in excess of: the carrying capacity of
the gas stream at the minimum. velocity reached
by the gas stream in the reactor. In the diffuse
phase, the concentration. of catalyst material in
the gas stream decreases as the latter flows up-
wardly to a minimum which approaches- the
carrying capacity of the stream-at the-superficial
velocity. Between the dense phase: of high;con-
centration and the diffuse phase: of low: concen-
tration there is a relatively narrow zone in which
the concentration of solids changes in: a- short
space from the high concentration of the dense
phase to the low concentration. of the. diffuse
phase. This zone has the appearance-of aninters
face between two visually distinct phases.
While the dense phase.operations of this inven-
tion includes within its scope operations involving
contact material having sufficiently large particle
size such that substantially no part of the contact
material is carried by entrainment in the- gas
stream at the superficial velocity: the: preferred
method of operation involves ordinarily. the use
of contact material and operating conditions-such
that a portion of the contact.maferial is carried
by entrainment in the gas: stream: at the. super-
ficial velocity. This. results from the fact that
finely divided contact materials are desirable. as
presenting a greater ratio of surface to volume
and affording the maximum efficiency of heat
transfer between particles and the further fact
that sufficient mixing of-a catalyst mass of sub=~
stantial cross-sectional area- ordinarily requires
the use of superficial velocities which entrain &
portion of the finely divided contact material in

the gas stream. In this preferred method: of:

operation mere settling is not sufficient to- dis-
engage all the catalyst from. the gas: stream
emerging from the dense phase of the: catalysh

mass. Hence it is necessary to provide means:in
the reactor to separate entrained- catalyst: from:
the gas stream or replenish the catalyst: mass:by:
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intermittent ‘or continuous addition of finely
divided catalyst to the reactor. Catalyst to be
added to the suspended mass may be entrained
in the entering gas stream and thus carried info
the reactor or it may be added directly to the
reactor at a point above the gas inlet. The cata-
lyst thus charged to the reactor may comprise
fresh contact material' or catalyst previously
carried: out of the reactor by entrainment.
Catalyst thus recovered and returned may be
subjected to any appropriate treatment after
recovery,. such. as. cooling, dewaxing and revivi-
fication or regeneration.

The gas:stream- is withdrawn from the top of
the. reactor: through an exit which is ordinarily
of: substantially smaller cross-sectional area than
the reactor. This provides a high velocity outlet
for the gases which is surrounded by an area in
which. the. gas velocity accelerates. The nearer
this zone of accelerating gas velocity is to the
dense. phase, the greater is the concentration of
solids. in the gas stream entering the zone and
the. greater. is the quantity of solids which must
be recovered from the exit stream or separated
by -means in the reactor:. The gquantity of cata-
lyst in the outlet approaches the carrying capacity
of the. high velocity. exit gas stream- when it is
desired to maintain the upper level of the denge
phase. in:the vicinity of the zone. of. accelerating
veloecity. This quantity will be equivalent to the
quantity of catalyst: introduced.into the reactor
when the dense phase.extends. to the outlet and
when catalyst is not withdrawn by other means,
such. as a-standpipe.

In.the preferred method of operation the reac-
tor is. made sufficiently larger than the required
volume of dense fluidized catalyst mass to.provide
a relatively large dilufe or-diffuse phase in which
substantial disengagement of - catalyst from the
gas. stream. occurs. by settling. This disengage-
ment of -catalyst is. aided by. injecting a. suitable
liquid;. preferably: substantially free from solids,
directly into this dilute phase. The residual
amount. of- catalyst still carried by entrainment
is recovered from the gas stream outside the reac-
tor, or separating means. are provided in the
reactor.

In-accordance: with this invention the turbulent
mass, of -suspended catalyst:in the dense phase-is
maintained. at the desired reaction temperature
level by directly injecting -into the dense phase
liquids which are vaporizable at the reaction con-
ditions: of temperature; pressure and concenira-
tion: Similarly, in a preferred- embodiment of
the invention, liquid is injected into the dilute
phase above:the dense:-phase to quench the gases
passing - from the: dense phase.  The quantity of
such injected liquids and:the distribution there-
of in: the. reaction. zone in either the dense or
dilute phase.are controlled to produce substan-
tially: instantaneous vaporization- oft the liquids
whereby the formation of agglomerates in the
catalyst mass-of- the dense phase is avoided. In
operations which produce a high degree of tur-

5 bulence:in-the catalyst:mass whereby the catalyst

particles- circulate at a relatively high rate the
liquids: may. be injected into substantially any
part: of - the dense phase. If the conditions of
operations: are.such that circulation of the cata-
lyst:is:effected- to a: lesser degree it: is necessary
to-concentrate the injected liguids in-that portion
of the dense-phase in-which the reaction is pro-
ceeding: at the greatest rate: The liguids which
are vaporized in this manner are withdrawn from
the: reaction zone- with the- vaporous reaction
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products and unreacted gases and are separated
from the reaction products externally of the
reactor. . o

In this improved method of operation there is
no necessity for removing catalyst material from
the reactor in excess of the quantity which it may
be desired to remove for revivification treatment
or for the removal of waxy products therefrom.
It is desirabie, therefore, to maintain a relatively
large disengaging space above the dense phase in
the reactor and to inject. a suitable liquid into
this disengaging space to0.cause substantial sepa-
ration of entrained contact material from the gas
stream in the reactor. The amount carried over-
head by entrainment may be limited to the quan-
tity which is desired to withdraw for external
treatment or the quantity removed by entrain-
ment may be reduced to the minimum, by proper
adjustment of the variations discussed above, and
the catalyst withdrawn from the reactor for re-
vivification or wax recovery may be removed di-
rectly from the dense phase at a lower point in the
reactor.

The use of gas velocities sufficiently great to
entrain substantially all of the catalyst whereby
the catalyst particles continuousiy move in the
direction of flow of the gases is within the scope
of this invention. In such method of operation,
the catalyst and gases pass together from the
reaction zone. The catalyst is then separated
from the effluent gases and is recycled to the re-
action zone.

The liquid which is injected to control the tem-
perature in the reaction zone necessarily is one
which is substantially completely vaporized at the
reaction condifions of temperature, pressure and
concentration. The simplest and most available
liguid for this purpose is water but the use of
water may be undesirable in some instances be-
cause of an adverse effect on the catalyst mass by
the water. Preferably the cooling liquid should
be non-reactive with the catalyst and for this rea-
son it is satisfactory ordinarily to employ a por-
tion of the liquid product of the process, particu-
larly when sueh ligquid product is in g highly satu-
rated condition. For example, in the hydrogena-
tion of carbon monoxide to produce a hydrocar-
bon mixture a light naphtha produced in the
process may be employed as the cooling liquid.
This material is then recovered in.the product
recovery. system and returned. for reuse. Instead
of the light naphtha a higher or lower boiling
fraction may be employed. Alternatively, similar
materials obtained from any source may be em-
ployed. In the selection of a cooling liquid from
an external source it is necessary to avoid the in-
troduction of deleterious compounds, such as sul-
phur compounds, which may injure the catalyst.
For this reason a ligquid produced in the process
is highly desirable as the cooling fluid.

T'o produce the turbulent pseudo-liquid condi-
tion in the dense phase it is desirable that at least
a substantial proportion of the mass of confact
material consist of particles whose free settling
rate is less than the superficial velocity in the
reactor whereby they are capable of being en-
trained in the gas stream. The mass of contact
material may consist advantageously of a mixture
of particles varying in size from 40 to 400 microns
(average diameter). However, particles of larger
or smaller diameter may be present. The cata-
lyst mass may consist entirely of particles of a
single catalytic material or a mixture of particles
of different catalytic properties may be employed.
For example, finely divided inert materials; such
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as alumina, bentonite, efec., may be includéd in
the catalyst mass to.aid in the fluidization of the
catalyst and as a means for absorbing and dis-
persing heat. : )

The catalysts employed include those which
promote the reaction of hydrogen and carbon
oxides and which can be prepared in a physical
condition suitable for the special manner in
which the catalyst is to be employed in the im-
proved process. Cobalt, nickel, and iron, with or
without suitable supports and promoters, may be
used. While kieselguhr has been found to be a
superior support in fixed bed processes involving
this reaction it now appears that clays are su-
perior in the fluidized process. A catalyst com-
prising a major proportion of bentonite clay sup-
port in combination with cobalt and a minor pro-
portion of a promoter such as thoria, manganese
oxide, or magnesia has been found to be satisfac-
tory. Bentonite is available commercially in the
form of hydrogen montmorillonite under the
names Filtrol and Superfiltrol and is obtained by
acid treating bentonite.

The ratio in which the carbon oxide and hy-
drogen reactants are present in the mixture
charged to the reaction zone may be varied in ac-
cordance with the character of the catalyst and
the properties desired in the product. In the hy-
drogenation of carbon monoxide the hydrogen
and carbon monoxide may be charged to the re-
actor in ratios which have been found satisfac-
tory in previous fixed-bed operations. Ratios of
H2:CO in the range of 1:1 to 2:1 are usually em-~
ployed.

The operating conditions are generally similar
to those employed in previous fixed bed opera-
tions. The gas stream may be passed through the
reactor at a superficial space velocity of 100-1000
volumes (measured at standard conditions of
temperature and pressure) of gas per hour per
volume of fluidized dense catalyst phase. 'The
temperature employed is affected largely by the
nature of the catalyst. Cobalt and nickel cata-
lysts usually are employed at 350-400° F. while
iron catalysts require temperatures of 450-600°
F. The pressure employed may vary from atmos-
pheric to super-atmospheric pressures which do
not produce condensation in the reactor.

The invention will be described in more detail by
reference to the accompanying drawings and by
reference to specific operations embodying the
invention. In the drawings Fig. 1 is a diagram-
matic representation of an arrangement of ap-
paratus for carrying out the invention and Fig. 2
is a view in elevation, partly in section, of the
reactor employed in the specific operations which
are described.

Referring to PFig. 1 the reactor (9 is provided
with a quantity of powdered catalyst which, upon
bheing fluidized by the passage of reacting vapors
upwardly therethrough, forms a pseudo-liquid
dense phase in the lower part of the reactor. The
charge gas comprising, for example, hydrogen and
carbon monoxide and in a usual ratio, is intro-
duced into the lower part of reactor 18 through
line ! which is provided with a compressor 2.
The dimensions of reactor 10 and the quantity of
catalyst are regulated whereby the suspension of
the catalytic contact material in the stream of
gas introduced through line i! produces a dense
phase whose upper surface is sufficiently low to
leave a substantial disengaging space above the
dense phase. The upper level of the dense phase,
that is, the inferface between the dense phase and
the diffuse phase in reactor 10 is indicated at
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8. TIn:accordance with the:preferred:method of
operating. the invention a substantial separation
of: entrained- catalyst occurs: in the: area:above
the dense phase whereby the quantity of catalyst
carried from the.reactor in the:high velocily. exit
stream is restricted: to a minimum:. The high
veloeity: exit: of: the gas:is: provided by line: (&
which connects at:one end: with the:upper: part.
ofreactor. 19 and leads. to suitable: separating
means, such as a cyclone. separator: 15..

The: reacting. gases: enter. reactor: 10: through
line: {1 at a. high veleeity: such' that' tlie finely
divided: catalytic material in reactor: {9: does:not
pass. downwardly. from reactor. 10 into: line: kil
The initial.charge of catalyst or:make-up cata=
lyst may be introduced into reactor {0 by entrain=
ing it.in the gas stream in line i1; from line {ia.
As: the reactanis enter: reactor: 10:-from line: I4
there is' a substantial decrease: in' the  upward
velocity: of the gases. The rate at.which:the-re-
actants are charged to reactor [0:is regulated:to
provide in reactor 18:an.upward velocity which
suspends the catalyst mass in the gas stream and
provides a high degree of mixing: of the: cata-
lyst. mass whereby catalyst. particles: circulate
throughout the dense phase. The vaporous.re-
actants may be introduced:through:line ti:into
reactor {9 at a relatively low.temperature whereby
they are heated to the reaction temperature by
contact with the hot.catalyst which is circulating
in reactor i0; In initiating- the operation- the
catalyst may be brought to the reaction tempera-
ture by: temporarily preheating: the: charge gas,
as by the provision of heating means {8.. After
the initiation of the reaction, preheating- of the
charge gas at {§ may be unnecessary and even
undesirable.

As the reactants and reaction products emerge

from the dense phase at the interface (3:they,
pass upwardly through:the remainder of reactor .

{0.at a still lower velocity in which entrained-cata-
lyst is separated: out of the gas stream. Pref:
erably. the height of the reactor is sufficient to
permit disengagement of entrained  catalyst: to
the point where the concentraticn of catalyst-in
the gas stream’ is reduced to an amount:oi the
order of magnitude of: the carrying-capacity: of
the gas stream at the superficial velocity..

The mixture of reactants, reaction: prodiicts
and remaining entrained catalyst: passes through
line 14 into the cyclone separator 15 in which a
substantial proportion-of the entrained catalyst
is-separated. The catalyst thus:separated at {5
is returned directly. to reactor- 18 by means of:a
suitable dip-leg: 17 which extends downwardly
into the reactor to.a point below interface: 13:
Preferably the lower end of dip-leg: {7 is:turned
up as shown to minimize the passage of reacting
gases into dip-leg 7. The catalyst fiowing down-
wardly in dip~leg 11 may be aerated if necessary
by the injection of inert gases, such as.steam,
by means not shown.

The gas stream. emerges: from: separator- 15
through line {8 which connects with: a second
catalyst separator (9§ similar:-in construction and
arrangement to separator 15 In separator 19:a
further separation of entrained catalyst is.effected
and-solids thus separated -are returned to:.reactor
{0 through dip-leg: 28, also: terminating: below
interface (3. :

As the reaction of hydrogen-and carbon oxide
is highly exothermic and as it is:necessary to
maintain the reaction zone, that is: the- dense
catalyst phase below- interface: 13, at: the tem-
perature level which promotes. the formation.of
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thesdesired:product;. it:is necessary to-remove the
heat:of reaction from.the:reaction zone:as it is
developed. In accordance with this invention the
removal of heat from the reaction zone is effected
by: the injection of:liguids which: are vaporized
by: the: heat. of reaction. This provides: for
substantially: uniform: temperature. conditions
throughout the dense phase which constitutes.the
reaction zone:because the -high rate-of circulation
of catalyst in.the dense phase permits.eifective
hieat exchange between:hot catalyst particles and
particles: which have:been.cooled by evaporating
liquid.

In: accordance. with  the- preferred modifica~
tion of this invention a.relatively light oil. pro-
duced:in the process.is employed as the:cooling
fluid. It will be understood, however, that this
is: primarily for. convenience. since. a. suitable
liquid from.any source may:be employed. Such
a: liguid is supplied from the system through line
24:which connects with a distributing header 22.
As:the reaction is most intense near the entrance
of the reactants the development of heat by the
reaction occurs-largely in the lower part of the
Jdense phase. Consequently header 22 is located
atior near-the place in the lower part of the dense
phase at which production of heat is greatest.
However, it may- be desirable to introduce cool-
ing liquid at.a- higher point in: the dense phase
instead-of, or in addition:to, the introduction of
liquid in>the lower part of:the dense:phase. For
example, a branch line 23 may be provided to
connect line 2{. with .a.distributing header 24 1o~
cated-in the upper part of the dense phase. It
may be preferable to introduce the cooling liquid
at 24" in order to:avoid- any suppression of the
reaction which might occur  through- over cool-
ing the catalyst particles:in- the zone of greatest
reaction rate.

Alternatively, all'or a.part of:the cooling liquid
may: be introduced through a- suitable spray
header: 25 which is located above and. adjacent
the dense phase. Header 25 is connected with
line 21 by -means of suitable branch line 25a¢. In-
troduction of liquid through header 25 above the
dense phase aids in separation of:catalyst from
the gases issuing from' the dense phase and
quenches the reaction. Injection of liguid at this
point: in sufficient quantity reduces materially
the amount of entrained. catalyst in line (4.
Vaporization of the liquid-at this point quenches
the reaction so that an accurate reaction time of
the reactants is-achieved by regulating the height
ofinterface 13 and the gas velocity which mini-

5 mizes.the production of normally gaseous organic

compounds. Since: one of the functions of the
liquid injected through header 25 is to aid’'in the
disengagement of entrained catalyst, it is pre-
ferred that the liquid” be substantially free of
solids, such as fresh or recycled and recovered
catalyst. When: the cooling liquid contains a
substantial:amount:of solids, the liquid or slurry
is preferably injected into the dense phase.

The . quantity: of: cooling liguid introduced
through: headers 22;.24 and 25:is regulated to the
amount: which will.evaporate completely in the
reaction: zone: Preferably also the liquid em-
ployed is:one which vaporizes readily at the reac-
tion conditions. whereby-the time of residence of
liquid in contaet with- the- catalyst mass is lim-
ited. In this manner-agglomeration of the cat-
alyst particles is avoided. The vaporized cooling
liquid: passes overhead with the gas: stream flow-
ing- through. line. 14

The gag: stream. comprising: unreacted. gases,
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such as hydrogen, vaporous and gaseous prod-
ucts, including hydrocarbons and oxygenated or-~
ganic compounds and vaporized cooling liquid to-
gether with any residual quantity of entrained
catalysts flows from separator 19 through line
26 which connects with the lower part of a com-
bined catalyst scrubbing and fractionating tower
27. Tower 27 is divided by a trap-out tray 28
into upper and lower sections. The lower section
is operated primarily for the removal of en-
trained catalyst and condensation of heavy oil
constituents of the product. While some frac-
tionation may be effected the baffles 29 are ar-
ranged primarily to effect intimate contact of
gases with a circulating liquid stream which flows
downwardly over the baffles in contact with the
upwardly rising column of gas. In this manner
enirained catalyst is separated from the gas
stream by condensation of liquids in the gas
stream and by the scrubbing action of the cir-
culating stream of liquid. The slurry which
forms is recirculated from the bottom of tower
27 through line 30 to a point in tower 27 just
below tray 28. Condensation and fractionation
is afforded by heating the slurry in the bottom
of tower 27 by heating means 31 and by cooling
means 32 the stream of liquid circulating through
line 38. A pump 33 is provided in line 30 to cir-
culate the slurry.

In the upper part of tower 27 temperature
conditions are regulated to effect separation of a
condensate consisting of the liquid product boil-
ing above the gasoline boiling range. Suitable
gas and liquid contact means are provided to
assist fractionation. The condensate collects on
trap-out tray 28 and is withdrawn as a product
of the process through line 34. This product is
designated for identification as a gas oil but
it is understood that its boiling characteristics
are affected by the amount of the oil product
which is separated as a condensate below fray
28. It will be understood furthermore that the
separation of this fraction is merely illustrative
of the recovery of an intermediate liquid product.
It is evident that means may be provided for
fractionating the liquid product into any desired
number of fractions.

The uncondensed gases and vapors pass over=
head from tower 27 through line 35 which con-
nects with a separator 36. 'The gases and vapors
passing through line 35 are cooled by condenser
37 sufficiently to effect substantial condensation
of the liquids and higher boiling gases such as
those having three or four carbon atoms per
molecule, This condensate separates from un-
condensed gases in accumulator 3¢ and a portion
of the condensate is returned to tower 27 through
line 38 as reflux. In this manner the upper part
of tower 27 is cooled to produce the desired con-
densation of higher. boiling liquids. Rectifica-
tion is provided by the hot vapors passing up-
wardly through tray 28 which heats the conden-
sate collected thereon sufficiently to strip gasoline
constituents therefrom. If the heating provided
by this means is insufficient suitable heating coils
or reboiling means (not shown) may be provided
on tray 28.

The uncondensed gases separated at 36 are
withdrawn through line 39 which connects with
the bottom of an absorber 48. In absorber 40 the
gas stream is contacted with a descending stream
of a hydrocarbon ¢il absorbent. This oil may be
any suitable hydrocarbon oil, such as a product
of the process of the nature of a gas oil or heavy
naphtha. This eperation serves to scrub from the
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gas stream remaining light hydrocarbons which
it is desired to include in the liquid product. The
scrubbed gases comprising unreacted hydrogen,
carbon dioxide and C: and Cz2 hydrocarbons are
withdrawn from absorber 48 through line & and
may be recycled to reactor 10 with or without re-
moval of carbon dioxide by conventional means.
The enriched absorbent is withdrawn from the
bottom of absorber 49 through line 42 which con-
nects with the top of a stripping tower 43. The
enriched absorbent may be preheated during its
passage through line 42 by heat exchange with
lean absorbent at 44 and by conventional heating
means 45. In stripping tower 43 the enriched ab-
sorbent is further heated by the application of
heat through coils 46 in the bottom of tower 43
sufficiently to vaporize the light hydrocarbons ab-
sorbed in tower 40. Suitable gas and liquid con-
tact means are provided in tower 43 to assist in
the separation of the absorbed hydrocarbons and
the absorbent. The stripped absorbent is re-
turned to tower 49 through line 42¢, by pump 43a,
during which passage it is cooled by heat ex-
change at 44 and by cooler 45a. The vaporized
light hydrocarbons comprising C3 and C: hydro-
carbons pass overhead from tower 43 through
line 47 through which they are returned to sepa-
rator 36 by means of compressor 48. Substantial~
ly complete condensation of these hydrocarbons
is effected by cooling means 49.

The condensate comprising C: and Cs hydro-
carbons and hydrocarbons boiling within the gas-
oline range accumulated in separator 36 may be
withdrawn as a product of the process through
line 50 provided with a pump 5i. In accordance
with one modification of the invention this oil
may be employed as the cooling fluid in reactor (0.
For this operation line 21 is connected with line
50 as shown and a portion of the oil flowing
through line 50 is diverted for injection into re-
actor 10 in the manner described above. The use
of condensate from separator 36 as the cooling
medium is particularly desirable because it boils
within a range which is completelv vaporizable

5 in reactor 18 and contsins a minimum quantity

of undesirable high-boiling compounds.

The slurry which is circulated through the
lower portion of tower 27 and line 39 continuors-
ly receives accretion of oil and catalvst from the
incoming reaction product. Conseaventlv a por-
tion of this slurry is diverted from line 38 through
line 52 and passed to a settler 53. In settler 53
the slurry is treated to separate the greater part
of the oil from the solid catalytic material. The
oil is senarately withdrawn from settler 53 as an
upper phase through line 54 as a product of the
process. Separated solid catalvst is withdrawn

from the bhottom of settler 53 throneh line 8% in
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which it is mixed with lieht oil to form a slurrv.
Oil for this purvose is tran<ferred from line 58
to line 55 bv means of line 6. "The reconstituted
slurry is pumped through line 5% bv means of
pump 57 into reactor 10 in a suitahle pnint. In
this manner the catalyst sevarated ot 53 is re-
turned to the reaction zone for further use, as a
slurry in which the vehicle is a portion of the
light oil ordinarily injected into reactor 10 as a
cooling fluid. The licuid comvonent of the shirry
introduced into reactor 10 through line 55 is
anickly vapoized and the solid component of the
slurry is converted to its former condition as a
substantially dry catalvtic material which is
readily dispersed in the dense phase of the cata-
lyst zone in reactor 10.

While the liquid product of the process recove
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ered at B0 is entirely suitable for use as the cool~
ing fluid and for reslurrying the recovered cata-
lyst it will be understood that these functions may
be performed by the same or different liquids cb-
tained from an external source. The sole re-
quirement of the cooling fluid is that is shall be
readily vaporized at the reaction temperature
whereby agglomeration of the catalyst particles
is avoided.

Instead of employing the wide boiling fraction
represented by the product recovered at 850 it
may be desirable to employ a relatively narrow
boiling fraction obtained as a product of the
process. To obktain such a narrow boiling frac-
tion the liquid product flowing through line 58
may be diverted through line 88 into a debutanizer
tewer 89. In tower 59 conditions of temperature
and pressure are regulated to separate a bottom
product comprising a debutanized gasoline which
is withdrawn through line 68, and an overhead
product consisting essentially of light hydrocar-
bons having three and four carbon atoms per
molecule. An intermediate fraction of relatively
narrow boiling range is separated as a liquid con-
densate on trap-out tray 61 which is located at a
suitable point in tower 58 above the charge point.
The condensate thus separated is withdrawn
through line 62 which connects with line 89 in
the manner shown for passage into lines 56 and
2{. Cooling means 83 may be provided in line
58 as shown to precool the cooling liquid to ahy
desired temperature.

The gases passing overhead in tower 59 are
withdrawn through line 8§48 which connects with
reflux drum 5. Cooling means are provided at
88 to effect substantially complete condensation
of the gases. The condensate thus obtained is
separated in drum 85 and a portion is returned to
tower 58 as reflux through line 67, the remainder
being withdrawn as a product of the process com~
prising Cs and Cs hydrocarbons through line §8.
Uncondensed gases separated at drum 65 may be
passed to absorber 48 through line 69 which con-
nects drum 85 with line 39. The condensate in

line 68 comprises a substantial amount of un~

saturated hydrocarbons and consequently it is
desirable to pass this fraction to a conventional
polymerization unit to polymerize the unsatu-
rated low-boiling hydrocarbons to higher boiling

hydrocarbons. The polymerized Cs and Cs+ hydro~ ;

carbon fraction is then blended with the gasoline
fraction in line 80 to increase the yield and qual-
ity of the gasoline product.

Instead of the relatively light oils in.lines 59
and 62 a hegvier oil such as the gas oil in line
34.or the oil in line 54 may be employed, by means
of suitable connections, not shown, as the cooling
oil, . :

Water formed in the reaction will separate as
a lower liguid phase in separator 36 and/or set-
tler 53 and may be withdrawn therefrom by
means not shown.

The invention will be described in further de-
tail by reference to specific eperations earried out
in the small scale reactor illustrated in Fig. 2,
In Fig. 2 the apparatus is shown in four sections
which are joined at A—A, B—B and C—C. The
apparatus of Fig. 2 consists essentially of three
parts, which are a reactor 78, a shell 7 enclosing
reactor 79, and catalyst filter means 72 which
surmounts reactor 78. Reactor 76 is an elongated
cylinder connected to a high velocity inlet pipe
13 by means of conical member T4, Jacket T,
which extends from a point near the top of re-
actor 10 to a point sufficiently low to enclose a
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substantialy length of pipe 78, is adapted to con-
tain a body of liguid, such as water, or
“Dowtherm.” This temperature control liquid
is maintained in the annular space surrounding
reactor 78 under pressure such that it boils at
the temperature necessary to maintain liquid to
produce the desired reaction temperature. The
vapors which are evolved by the heat of reaction
are withdrawn through pipe 75 at the top of
jacket 7!, Pipe 15 connects in turn with con-
densing means, not shown, in which the vapors
are cooled and condensed and from which they
are returned to the jacket 71 through pipe 175.

7The remaining portion of the apparatus of Fig.
2, located above reactor T8 and in communica-
tion therewith, is the catalyst filter means 72
which is provided to separate catalyst which is
carried upwardly out of the dense phase in re-
actor 78. The upper end of reactor 79 is connect-
ed by a conical member 78 with an enlarged con-
duit 77, This provided for an enlargement of
the path of flow of the gas stream emerging
from the reactor, with a corresponding decrease
in upward velecity whereby partial disengage-
ment of solids from the gas stream is effected.
Conduit 717 is connected by a manifold 18 with
conduits 79 snd 86, which are similar in con-
struction and diameter to conduit 77. Each of
conduits 78 and 83 is provided with an internal
filter which is illustrated at &1 in the portion of
conduit 88 shown in section. Filter 8{ is con-
structed of porous material which is permeable
to the gases and vapors passing from reactor 79
but impermeable to solids carried by entrainment
therein. Filter 8! is cylindrical in shape and
closed at the bottom end. It is dimensioned in
relation to conduit 83 to provide a substantial
annular space between the outside of filter 8{ and
thse outside wall of conduit 89 for the passage of
gases and entrained catalyst upwardly about the
outer surface of filter 8f. The upper end of filter
81 is mounted in closure means 82 in a manner
whereby the gases and vapors from reactor 10
must pass through filter 81 to reach the exit pipe
82. A similar filter is similarly arranged in con-
duit 79.

The principal parts of the apparatus of Fig. 2,
aside from filters, are constructed of extra heavy
steel pipe. Reactor 10 comprises a 153 inch
length of extra heavy 2 inch steel pipe having an
inside diameter of 1.84 inches and an outside
diameter of 2.38 inches. Pipe 13 comprises extra
heavy half inch steel pipe having an inside di-
ameter of 0.55 inch, approximately 5 inches of
this pipe being enclosed by jacket 7. The con-
ical member 74 is approximately 3 inches long.
Jacket 71 comprises a length of extra heavy 4
inch steel pipe having an inside diameter of 3.83
inches. Pipe 75 consists of extra heavy 2 inch
steel pipe. The ends of jacket 71 are formed by
closing the ends of the 4 inch steel pipe in any
suitable manner as shown. Conduits 77, 79 and
86 and menifold 78 are formed of extra heavy §
inch steel vipe having an inside diameter of 5.76

; inches. The total length of the filter assembly

represented by these conduits and member 78 is
61 inches. The filter &l is approximately 3 feet
long and approximately 4% inches in cutside di-
ameter, the walls of the filter being approxzimate-
1y 34 of an inch thick. 'The high velocity outiet
at 83 is provided by more extra heavy half inch
steel pipe.

The injection of cooling fluids into reactor 78
is provided for by nozzles 84, 8% and 8€, which
are located 18, 66 and 120 inches, respectively,
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-above thelower-end of reactor 19, which:is the
Juneture -between -reactor 10 -and conical ;mem-
“ber 14.. Nozzles:84, §5.and 86 consist of steel:tub-
-ing ‘having ‘an’inside diameter -of approximately
;0.3 inch -and :have-an -orifice of :about s of :an ;

inch in diameter.
The catalyst filter :means provided: by filter 81

.and the corresponding elementiin conduit-79.pro-

vide substantislly .complete :separation cof ren-
trained finely: divided-catalytic-material;from:the

outgoing stream-of -vapors-and.gases. The:filters

in -conduits 19 -and £0 are-employed alternately

.during the operation so thatthe stream- of gases
.and vapors-and entrained -solids:pass:fromcon-
duit 71 through manifold 78-into:one:or the other
-of-conduits 19 and.80.

The: filter:which-ismot.in
~use‘is-at the.same time:subjected to a-treatment

-designed to -dislodgerselids which have-aecumu-

1ated on the outer surface:of:the filter during:.the

previous period of -use. “This treatment :com-
-prises flowing:a-gas stream inwardly through:the
usual exit pipe-and through -the: filter«in. the-re-

.verse -of -the ~usual direction. 'The ;gas stream

.employed. for-this purpese;flows out-of the:filter

into the conduit -and downwardly -into -manifold
78. At that point the downflowing gas combines
with the upflowing:stream-of:reactants from con-
duit 11 and the combined stream passes up-
swardly ‘into- contact with ‘the filter-in-use. JAny

‘substantiglly ‘inert -gas may “be :employed for
““plowing ‘baek” the filter'butit’is convenient ‘to

employ a portion of the ~uncondensed -end :gas

-from the process.

Tn the operation of the apparatus of Fig. 2the
desired quantity of finely divided solid catalyst is
introduced into reactor .10 through a suitable
connection, not shown, to conduit 1. The cata-
1yst preferably is preheated’to the reaction tem-
perature prior-to-the-contact-of reactants there-
with. This maybe:accomplished by heating the
temperature control fluid in.jacket 11 to the de-
sired temperature or by passing ‘hot inert gas
through reactor 10. Alternately the catalyst
may be given the final reducing treatment after
introduction thereof into the reactor by the pas-
sage of hot hydrogen thereover. This is suffi-
cient to preheat the catalyst.

The reacting ‘gases:may: beiintrodueed:through
pipe 13 at:the reactiontemperature or-gt:room
temperature .or-at higher or.lower:temperatures.
If the reactants fow through pipe 13:at:a tem-
perature lower “than 'the reaction ‘temperature
-they.are.preheated-ordinarily:prior.to’ actualeon-
tact with the catalyst-to :a temperature near: the
reaction temperature by heat exchange awith-the
temperature contrel fluid in jacket:¥l.or:they-are
preheated in the lower:part of reactor T0 by con-
+act with hot catalyst circulating :from-an.upper
part-of the reaction zone.

In ‘the “apparatus -cf :Fig. :2 the temperature
control means provided by jacket Tl and the-tem-
perature -confrol fluid therein rare :provided :to
illustrate the use of this.method:of removing:the
heat of reaction in combination with the direct

injection -of “vaporizable -cooling : fiutd sthrough g;

Turthermore:in: theréla-
the-useof
jacket Tt  and “the lquid .contained stherein :is
helpful’in simulating the conditions wswhich exist

nozzles 84, 85.and 86.
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in .2 much larger commercial :installation. In-

the single tube:apparatus of :the size -shown in
g, 2 the ratio of radiating surface.to -volume: of
the reaction zone!is much higher than wouldibe
the case in a ‘large installation. :Consequently,
jacket 11 :is ‘helpful in keeping “the :radiation
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Josses-of the-apparatus equivalerit to those-which
would be encountered ‘in :a larger apparatus.
Heating means, not shown, are provided:to heat
‘.;c;he liquid in-jacket 11 :to -any desired tempera-
Aure.

The -reaction mixture is- passed into ~the :ap-
-paratus of ‘Fig.:2 through pipe 13-at a velocity
-such -that the :catalyst is lifted:out of .pipe 73
-and maintdined ‘in.suspension in reactor {10. A
‘ball eheek valve, not-shown, is' provided’in pipe
13 to prevert catalyst from dropping-completely
out of ‘the reactor when the-gas stream is not
being introduced through pipe 73. The gas
-stream is passed into pipe 73 at a velocity effec-
tive to aerate the catalyst mass in reactor 10 and
suspend ‘it in the ‘gas stream therein. In the
-conditions described generally above, in which
the lower part of the reactor is cccupied by the
dense phase-of the fluidized catalyst mass.and in
.which the upper part of the reactor is-occupied
by the diffuse phase, tlie lower boundary of ‘the
-suspended catalyst mass -is located ‘somewhere
‘between the upper and lower boundary of coni-
cal member 74. The upper boundary of the dense
phase 6f the catalyst mass is determined by the
:superficial veloeity of the gas stream and the
~quantity-of catalyst charged to the reactor.

Example 1

Tn ‘this example ‘a -catalyst ‘comprising .sup-
:ported cobalt promoted with magnesia -was. em-
-ployed:and the:catalyst had the following: screen
analysis after reduction-and prior:fo-its use in
.the runs of the-example:

| -Size Range- Wg}gsﬁf“
404 0.0
40/60 45.2
60/80 22.8
80/100 6.7
100/120 4.8
120/140 4.3
140/200 5.7
"200/pan 10.5

This reatalyst had the following approximate
composition:in.parts:by :‘weight:

:C0:0.15 Mg0:2.0-Superfiltrol

Reactor .10 -was purged by:;means-of-CGz-and
while.a-small stream of CO2 was passed through
the reactor.9 :pounds-of the catalyst.prepared as
above were -introduced -while mainfained -in -an
atmosphere of CO2. The: catalyst mass was-then
heated :to approximately 400° F. by heating the
water bath in -jacket #1. During -this time the
catalyst -was .aerated with small streams 0f: CO2
until'the temperature reached :300°:F. Thenihy-
drogen -was used ras ‘the ‘aerating medium nntil
the admission of “feed gas. :After ‘the catalyst
mass had -been heated to ihe desired reaction
temperature the:introduction -of preheated:feed
gas ‘was initiated. ‘Conversion started substan-
tially immediately. and -the operation was con-
tinued:for:some time ‘during which the tempera-
ture 'was controlled:by the water bath .in jacket
71. Then the water was withdrawn from. jacket
11 -and the temperature in:the catalystbed was
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controlled by the introduction through nozzles
84, 85 and 86 of a naphtha, produced by the re-
duction of carbon monoxide with hydrogen, boil-
ing between 126 and 360° F. and containing
16.6% mono-olefins. The connections between
conduits 719 and 88 and the recovery system were
reversed every 15 minutes and the catalyst filter
not in use was blown back by the passage of tail
gas therethrough in the reverse direction. The
conditions observed and the results cbtained dur-
ing two periods of this operation are set forth
in the following table under columns A and B.

A B C
Hours on condition.____.___.._____..___ 18 12 30
Operating. Conditions
Average temperatures ° F.:
8.5 ft. above pipe 73.._. 422 417 389
6.5 ft. above pipe 73. 431 416 398
4,5 ft. above pipe 73. 446 440 406
2.5 ft. above pipe 73. 407 404 410
1.5 ft. above pipe 73 - 324 320 414
0.5 ft. above pipe 78 __.___._______ 268 265 414
Charge gas temperature, ° ¥____________ 402 406 414
Pressure (pounds/sq. in.—OQutlet)....__. 25 25 25
Bed conditions:
Bed height, in feet...__.._.____.____ 8.2 8.0 7.3
Catalyst density (pounds/eu. ft.)_ .. 53 54 48
Velocity (ft./sec. at the inlet) . ._.__. .0.47 0.44 0.62
Cu. ft. inlet gas/br./cu. ft. catalyst.. 398 376 585
Liters inlet gas/hr./gram cobalt.____ 1.41 1.30 1.9
Throughputs:

G?ts)entering catalyst bed (std. eu.

Gfaté leaving catalyst bed (std. cu.

Blg'w) back gas to filter (std. cu. 1t/
T

Ces. of cooling liquid injected per

hr. (at 70° F.) !
Through nozzle84______________ 1,025 960 0
Through nozzle 85...___________ 1,845 2,705 1]
Through nozzle 86...___________ 10 0 0

Analysis of Charge gas (air Jree)

Pereent COs_ ... 7.7 1.1 6.0
Percent CO.___________ " 25.3 27.0 24.7
Perecent Hp_ .. _____JTTTTTTTTTTTT 62.2 66. 3 60.5
Per cent CH, 3.9 4.7 8.0
Per cent Nj__ 0.1 0.1 |
Per cent HaO__ - 0.8 0.8 0.8
- Results

Per cent COreacted..__________________ 67.5 71.6 76.0
Per cent CO converted to methane and -

ethane. _____.____________ " 23.1 27.2 21.7

The above data indicate that while substan-
tial conversion of the reactants occurred with the
development of sufficient heat of reaction to re-
quire the injection of the large amount of cool-
ing liquid indicated the catalyst teraperature was
maintained within the required degree of uni-
formity and the fluidized condition of the cat-
alyst was not affected by the liquid injected into
the reactor and vaporized therein. The measure
of temperature control is indicated by the small
proportion of the CO which was converted to
methane and ethane while reacting a large pro-
portion of the CO in the charge gas. The low
temperature near the bottom of the reactor ap-
parently was caused by heat losses from the lower
part of the reactor and pipe 73. The velocity in
the foregoing table is based on feed plus vapor-
ized oil injected through pipe 84.

For purposes of comparison the results ob-
tained from a similar operation in which tem-
perature was controlled entirely by means of the
presence of cooling water in jacket T1 are given
in the above table under column C. In the oper-
ation represented by column C water under a
pressure of 204 pounds per square inch was main-
tained in jacket 71 to provide g water bath at a
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temperature of 389° F. The comparison of the
results given in column C with those given in
columns A and B indicates that the control of
the temperature by direct injection of cooling

. fluid was as effective as that obtained by indirect

heat exchange between the reactor and the sur-
rounding water bath. This indicates the advan- i
tage in favor of the direct injection method
since it is not dependent upon the use of a re-
action zone of small diameter whereas the method
represented by column C is dependent upon the
use of a small diameter reaction zone ag exem-
plified by reactor 10. That the operations rep-
resented by columns A and B provided good con-
trol of the reaction temperature is shown by the
low conversion -of carbon monoxide to methane
and ethane obtained in these operations and the
relatively uniform temperatures in the dense
phase of the catalyst zone.

It should be noted that in the period of oper-
ation of column A, cooling liquid was injeeted
about 4 feet above the interface of the dense
phase through nozzle 86 to quench the reaction
mixture and to aid in removal of entrained cat-
alyst from the reaction efluent.

Ezxample IT

In Example IT g catalyst comprising supported
cobalt in the absence of a promoter was em-
ployed. Prior to reduction the catalyst had the
following screen analysis:

The following is a screen analysis of this pow-
der:

Size Range Wex(;)z‘lalltlther

404- Trace
40/60 5.0
60/80 6.9
80/100 4.0
100/120 1.0
120/140 9.4
140/200 12,9
200/pan 60.8

The supported cobalt catalyst was reduced with
hydrogen at a temperature of about 700° F. in
reactor 710 using “Dowtherm” as the heat con-
trol fluid in jacket 7i. The catalyst composition
was Co:2 Superfiltrol. The “Dowtherm” was re-
moved from jacket 7f and replaced with water
at a temperature equivalent to a catalyst tem-
perature of 300° F. The introduction of feed gas
was then initiated and the temperature was raised
rapidly to 400° F. The flow of the reacticn prod-
uct through conduits 79 and 88 was reversed every
15 minutes and the catalyst filter not in use was
blown back by the passage of tail gas there-
through in the reverse direction. This operation
was continued for some time, during which the
temperature was controlled by the water bath
in jacket T1. Then the water was removed from
the jacket and the temperature in the catalyst
bed was controlled by the introduction of water
through nozzles 84, 85 and 86. The conditions
observed and the results obtained during a pe-~
riod of this operation are set forth in the fol-
lowing table under column D. In column E of
the following table there are set forth the coit-
ditions and results of a comparable operation in
which temperature control was obtained entirely
by means of a water bath in jacket 7 I, the water
bath being held under a pressure of 307 pounds
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D E
yHours-on condition........-. reerrasmemacczomeaecen 6 P
Operating conditions
Average temperatures, -F.
6.5 feet gbhove pipe 73 420 433
"4.5 feet above pipe 73...__ ,435 440
497 443
424 448
422 450
280 77
148 47
-45 45

" Bed height in feet, 5.5

Catalyst density (pounds/cu. ft.)-_ ‘49

;-Superficial-veolocity: (ft./sec. at the 0.75

‘'Cu, ft. inlet, gas/hr./eu. {t. catalyst 1,170

. “Liters inlet, gas/hr;/gram cobalt_ .. ‘5.0
‘Throughputs: _- - )

"Gas‘entering catalyst bed (std. ou, 10 I .573,3 | 3,168.0

Qasleaving catalyst bed (std. e ft.) - __: "422.1° | 1,980.6

- Blow:back gas tofilter (std,.cu ft./br.). . o 141 104

Ogs. of water injected per hour (at. 70" 1" ) o

“Through nozzle 84.- 220- 0

#Through nozzle 85 150 0

“Through nozzle 86.. 110 0

Anatysis of charge gas (air free)

Percent COs.__. - 3.3 3.0

Per.cent CO.. +25.8: 30.0

Percent Hy._...__z::: 66.4 61.7

Per cent CH4+N:_ : “4.2 4.5

Per cent H:0.. 0.8 0.8

'Resmts
38 46
“3.0 1174

The above data mdicates that Wh11e substan-
tial eonversion ‘of the’ reactants occurred with
the’ development of- sufﬁclent heat of reactlon 10
réquire ‘the injection of ‘substantial amounts of
water ‘the -catalyst temperature was maxntamed
withm the-required degree of umformlty and the
ﬂuidized ‘condition of the catalyst ‘was not af-
fected by the water 1n3ected ‘into the reactor and
vaponzed ‘thérein. The measure ‘of temperature
control -in ‘the operation -of column D is indi-
catéd by the small proportmn of carbon' monoxide
which wais converted to methane and ethane and
by ‘the uniform temperatures in ‘the catalyst bed.

In the period of operatlon of column D, water
was injected through nozzles 85 and 86 at a dis-
tance ‘of -about one half foot and about five
feet, respectively, above the mterface of the dense
phase in reactor 10. -As is ev1dent from the table
shown by comparlson of ‘the temperature at 6.5
feet above pipe 13 of columns D and E, the in-
jection of “water through nozzle ‘85 above the
denise phase resulted in lowermg of the temper-
ature ‘of ‘more than twice ‘that Whmh oceurred
when no liquid was injected above the "dense
phase. The quenchmg of the ‘effluent gas from
the-dense phase in this-manner accounted in at
least s substantial-part for the marked- decrease
in carbon monox1de converted to methane ‘and
ethane for the period of- column ‘D as compared
to ‘the period of- operation of column E.

“In' the operations of ‘Exathples I ‘and II the
control'of the temperatiire ‘of the catalyst ‘mass,
in the operations exemphfymg the 1nvent10n was
effected: entirely by the injection of ‘cooling fluid
which ‘was -either ‘naphtha or ‘water. While this
method of temperatiire control-has been shown
to be sufficient the-inverition -includes ‘within'its
scope ‘also-the use of ‘the liquid injection’ method
of temperature-control in-: combmatmn with other

“per-square Inch ‘to produce a water bath tem~
perature or 425° F

10

‘16

20

25

30

35

40

45

50

55

60

65

70

control methods. such -as-indirect Heat eXchange

of ‘cooling fluid 'with ‘the ‘catalyst - ‘mass. The
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;iatter\'meth'o"d ‘of operation is illustrated by the

following example involving operations in which
the reactor 10 was surrounded by a water bath in
jacket 71 and in which cooling was effected by

the injection of a sufficient quantity of water
to absorb the exothermic heat of the reaction
‘as sensible heat and as heat of vaporization.
Exzample 111
The same catalyst used in Example I was em-
.ployed in this example. However, in the opera-
tion represented by column D of Example II
jacket ‘Tl was empty whereas in this example
Jjacket 11 contained water maintained under a
_pressure equivalent to a temperature of 426° F.
‘The operating conditions and results obtained in
selected periods from two separate operations of
this 'general nature are set forth in the follow-
ing-table:
F G
Hours on. condition 12 8
Operating conditions :
Average temperatures, F.: )
6.5 feet above pipe 73 433 431
4.5 feet above pipe 73 ‘436 432
2.5 feet above PIPe 78 oo cu v 430. 430
1.5 feet above pipe 73 319 362
0.5 feet.above pipe 73.__. 414 310
Charge gas temperature___._ 73 70
Pressure (pounds per square :
Jnlet. [ 48,5 AT 5
“Outlet. . lioa.oll 45.0 44,8
Bed conditions:  ~
-Bed hejght in feet feaall 5.0 5.0
~Catalyst density (pounds/ew. ft.)_ __.__....__ 53 54
“Superficial velocity (ft./sec. at the'inlet).__.__ 0. 67 0.61
.Cu. ft. inlet gas/hr./cu. ft..catalyst._..__.._... 935 981
Liters inlet gas/br./gram cobalt.___________._. 3.67 3.71
Throughputs: =
Gas entering catalyst bed (std. cu. ft.) 1,151.6 5826
(Gas leaving catalyst bed (std. cu. ft.). 767.3 370.8
: Blow ‘back gas to filter (std. cu. ft./hr.) .. N LA 25.6
Cos. of water injected per hours (at 70° F.):
Through nozzle 84 - - ... 662 .
Through nozzle 85... 0 708
Through Noz2le 86— oweicaasliceacarens 0
Analyszs of Charge gas (air and 0 free) ’
4.1 2.0
Per cent' CO. 30.0 285
Per cent Hy. 60.8 65.2
Per cent' CHy 4.0 4.0
Per cent N3 1.1 0.3
‘Results
Per cent COreacted .o 32.1 41,6
Per cent CO converted to methane and ethane___ 2.0 10. 4

Satisfactory control of the reaction tempera-
ture in the operations represented by columns F
and ‘G of the foregoing table is indicated by the
direct temperature measurements in the reactor
and by the low percentage of the carbon monoxide
feed which was converted to methane and ethane.
It will be noted that in the operation represented
by column F al] of the water was injected through
nozzle 84 near the bottom of the reactor whereas
in the operatmn of column G the water was dis-
trlbuted more uniformly by injection through all
three nozzles Since the amount of water in-
jected in these operations - was -approximately
equivalent to the amount necessary to-absorb all
the heat of reaction by vaporization thereof and
since complete vaporization did occur it is evi-
dent that the presence of the heated water bath
arcund reactor 70 was effective principally to pre-
vent cooling of the reaction zone by radiation, ete.
In the single tube apparatus of Fig. 2 the ratio of
surface to volume is mueh larger than it would
be in'a larger reactor of the type which would be
employed in commercial practice. The heated
water bath-at a temperature of 426° F. around
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the gases issuing from the dense phase appa}'ently
effectively prevented any substantial coohpg of
the gases by injection of liquid above the inter-

. face of the dense phase as in Examples I and II.

The increased production of methane and ethane
in the period of operation of column G was prob-
ably due to the higher average temperature of
the dense phase than that of column F.

The invention has been illustrated by reference
to the use of reactors of large cross-sectional area

_containing a single mass of catalyst and by refer-

ence to the use of reactors in which the catalyst
mass is contained in one or more of a plurality of
tubes of relatively small cross-sectional area.
The first type of reactor is exemplified by reactor

10 of Fig. 1 and the second type of reactor is

exemplified by Fig. 2. It will be understood that
while the reactor of Fig. 2 is limited to a single
tube, because of limitations on the size of appa-
ratus for experimental use, the principles of op-
eration illustrated thereby are directly applicable
to a larger reactor made up of a plurality of tubes
of the same or larger diameter in a common zone
in which they may be in contact with a water
bath in addition to being cooled by direct in-
Jjection or in which they may be cooled entirely
by the latter method. .

‘While the tubular type of reactor exemplified by
Fig. 2 may appear to involve the use of a catalyst
mass of relatively small cross-sectional area the
diameter of the tube comprising reactor 19 in
Fig. 2 is, nevertheless, substantially greater than
the tubes in tubular reactors employing a fixed
catalyst bed. In the latter the maximum diame-
ter of the tubes is approximately ¥ that of re-
actor 70 whereby the tubes employed have a cross-
sectional area of approximately % that of reactor
70.

The cooling fluid which is injected into the
reactor and into contact with the catalyst
mass preferably is distributed in the reactor zone
in a manner to permit substantially instantaneous
vaporization of the liquid and preveni the ac-
cumulation of liquid in any part of the reaction
mass. The latter result is undesirable since it
may cause an agglomeration of catalyst particles
into large masses whereby the fluidized nature of
the catalyst mass would be impaired. In a re-
action zone of large cross-sectional ares in which
the catalyst circulates at g rapid rate throughout
the reaction zone the distribution of the cool
liquid in the reaction zone is carried out largely
by the catalyst itself. On the other hand in re-
actors in relatively small cross-sectional areas
such as Fig. 2, in which vertical circulation of
catalyst is less effective it is more important to
provide for proper distribution of cooling fluid by
injection at a plurality of points as illustrated.

Having described my invention, I claim:

1. In a process for the hydrogenation of a
carbon oxide to produce organie compounds, in-
cluding methane, by passing the reactants
through a mass of finely-divided contact ma-
terial comprising a mixture of catalyst particles
of varying particle size, a substantial portion of
which particles has free settling rates less than
the superficial velocity of the gases passing
through the reactor, under conditions of gas
velocity such that a lower relatively dense pseudo-
liquid phase and an upper relatively dilute
phase of contact material is formed with an
Interface therebetween and further character-
ized by the entrainment of g substantial propor-
tion of the contact material in the dilute phase at
the gas welocities employed, the method, for

10

15

20

25

30

35

40

45

50

55

60

65

70

75

20

minimizing entrainment of contact material in
the dilute phase and suppressing the formation
of methane which comprises injecting into said
dilute phase above said interface a liquid which
is substantially free from solids and completely
vaporizable at the reaction conditions.

2. The process of claim 1 in which said liquid
comprises a hydrocarbon.

3. The process of claim 1 in which said liquid
is an organic liquid previously produced as a
product of the process.

4, The process of claim 1 in which said liquid
is water.

5. The process of claim 1 in which said liquid
at the time of injection is at a temperature sub-
stantially below its boiling point at the reaction
conditions.

6. A process for hydrogenatinig 2 carbon oxide
which comprises continuously flowing a gaseous
mixture comprising hydrogen and a carbon oxide
upwardly in a reaction zone through a mass of
finely divided contact material comprising a
catalyst for the reaction and at the reaction tem-
perature to maintain the body of contact ma-
terial substantially in suspension, limiting the
upward linear velocity of the gaseous mixture
and the bulk of the contact material to form a
lower relatively dense pseudo-liquid phase of the
greater part of the mass of contact material in
which the particles of contact material circulate
at a relatively high rate and an upper relatively
dilute phase of contact material, said dense
phase and said dilute phase forming an inter-
face therebetween, maintaining the upward ve-
locity of the gaseous mixture higher than the
free settling rate of particles comprising a sub-
stantial proportion of said dense phase whereby
contact material is entrained in the gaseous re-
action mixture passing from said dense phase,
directly injecting into said dilute phase adja-
cent said interface a liquid which is substantially
free from solids and completely vaporizable at the
reaction conditions whereby a substantial pro-
portion of said entrained contact material is
disengaged and falls back into said dense phase,
and withdrawing a gaseous reaction mixture and
vaporized liquid from said reaction zone to re-
cover reaction products therefrom.

7. A process for hydrogenating carbon monoxide
which comprises continuously flowing a gaseous
mixture comprising hydrogen and ecarbon-
monoxide upwardly in a reaction zone through
a mass of finely divided contact material com-
prising a catalyst for the reaction and at the
reaction temperature to maintain the body of
contact material substantially in suspension and
to produce normally liquid organic compounds,
limiting the upward linear velocity of the gase-
ous mixture and the bulk of the contact material
such that a relatively dense pseudo-liquid phase
of the greater part of the mass of contact ma- -
terial and an upper relatively dilute phase of
contact material are formed, said dense phase
and said dilute phase forming an interface there-
between, directly injecting into said dilute phase
adjacent said interface a liquid which is sub-
stantially free from solids and completely vapor-
izable at the reaction conditions, regulating the
quantity of liquid thus injected to quench the
reaction gases passing from said dense rhase
to a substantially lower temperature whereby-
the formation of normally gaseous hydrocarbons'
is minimized, and withdrawing a gaseous reac- '
tion mixture and vaporized liquid from the upper -
portion, of said reaction zone to recover
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normally liquid reaciion products therefrom.

8. The process of claim 7 in which said
catalyst comprises cobalt supported on acid
treated bentonite.

8. The process of claim 7 in which said catalyst
comprises reduced iron.

10. A process for the hydrogenation of carbon
monoxide which comprises continuously flowing a
gaseous mixture comprising hydrogen and car-
bon monoxide upwardly in g reaction zone
through a mass of finely divided contact material
comprising a catalyst for the reaction at the
reaction temperature to maintain the body of
contact material substantially in suspension,
limiting the upward velocity of the gaseous mix-
ture to maintain the greater part of the mass
of contact material in a relatively dense pseudo-
liguid phase in which the particles of contact
material circulate at a relatively high rate, pro-
viding a contact mass of sufficient bulk to pro-
duce a dense phase deep enough to afford a
length of time of contact between the gaseous
reactants and the catalyst effective to react a
substantial proportion of said carbon monoxide
with hydrogen to produce normally gaseous and
liquid hydrocarbons, withdrawing a gaseous reac~
tion mixture comprising unreacted hydrogen and
hydrocarbons from said reaction zone, in a first
condensation step cooling said effluent to con-
gense hydrocarbens boiling above the gasoline
range and removing same from said efiluent, in
a second condensation step cooling the uncon-
densed efluent from said first condensation step
to condense a portion thereof, passing the cooied
effluent from said second condensation step to
an accumulation zone, passing uncondensed va-
pors comprising C3 and Cs hydrocarbons and
unreacted hydregen from said accumulation zone
to an absorption zone, contacting said vapors in
said absorpticn zone with a liguid hydrocarbon
to absorb Cs: and Cs4 hydrocarbons therein, strip-
ping absorbed hydrocarbons from the enriched
liguid hydrocarbon from said absorption zone,
cooling and condensing the hydrocarbons thus
recovered and passing same to said accumulation
zone, removing condensate from said accumula-
tion zone and injecting said condensate into said
reaction zone.

11. The process of claim 10 in which said con-~ .

densate from said accumulation zone is passed to
a debutanizer in which a relatively low-boiling
{fraction comprising Cs+ hydrocarbons and a rela-
tively high~boiling fraction comprising hydrocar-
bons boiling in the gasoline range are removed
therefrom, separating an intermediate liquid
fraction from said debutanizer and injecting said

~ intermediate fraction into said reaction zone.

12. A process for the hydrogenation of carbon
monoxide which comprises continuously flowing
a gaseous mixture comprising hydrogen and car-
bon monoxide upwardly in a reaction zone
through a mass of finely divided contact mate-
rial comprising the catalyst for the reaction and
at the reaction temperature to maintain the
body of contact material substantially in suspen-
sion to produce normally gaseous and liquid hy-
drocarbons, limiting the upward linear velocity of
the gaseous mixture and the bulk of the contact
madterial to form a lower relatively dense pseudo-
liguid phase of the greater part of the mass of
contact material and an upper relatively dilute
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phase of contact material, removing a gaseous
reaction efiluent from said reaction zone, cool-
ing and condensing said reaction efiuent, pass-
ing the cooled and condensed efiluent to an ac-
cumulation zone in which condensate is separated
from uncondensed vapors, passing uncondensed
vapors from said accumulation zone to an ab-
sorption zone, contacting said uncondensed va-
pors in said abscrption zone with an absorption
medium to recover the relatively high-boiling
components of said vapors, cooling and condens-
ing said recovered relatively high-boiling com-~
penents and passing same to said accumulation
zone, passing condensate from said accumulation

. zone to a fractional distillation zone in which a

relatively low-boiling and a relatively high-boil-
ing fraction are removed therefrom, withdrawing
an intermediate boiling liquid fraction from said
fractional distillation zone, and injecting said
intermediate boiling liguid fraction into said re-
action zone to cool the reaction zone and main-
tain a substantially constant temperature therein.

13. The process of claim 10 in which said in-
termediate boiling liquid fraction is injected into

.+ the dilute phase of sald reaction zone whereby
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entrained contact material is disengaged and falls
back into said dense phase and the reaction mix~
ture passing from said dense phase is quenched.

14. A process for the hydrogenation of carbon
monoxide which comprises continucusly flowing
a gaseous mixture comprising hydrogen and car-
bon monoxide upwardly in & reaction zone
through a mass of finely divided contact mate-
rial comprising the catalyst for the reaction and
at the reaction temperature to maintain the hody
of contact material at least in suspension to
produce normally gaseous and liquid hydrocar-
bons, removing a gaseous reaction efiuent from
said reaction zone, cooling and condensing said
reaction effluent, passing the cooled and con-
densed effluent to an accumulation zone in which
condensate is separated from uncondensed va-
pors, passing uncondensed vapors from said ac-
cumulation zone to a recovery zone, recovering
relatively high-boiling components of said va-
pors from the aforesaid condensation step, cool-
ing and condensing the thus recovered relatively
high-boiling components and passing same to
said accumulation zone, passing condensate from
said accumulation zone to a fracticnal distiliation
zone in which a relatively low-boiling and a rela-
tively high-boiling fraction are removed there-
from, withdrawing an intermediate boiling liguid
fraction from said fractional distillation zone,
and injecting said intermediate boiling liguid
fraction into said reaction zone to cool the reac-
tion zone and maintain a substantially constant
temperature therein,

LOUIS C. RUBIN.
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