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This invention relates to an improved process and
apparatus for carrying out catalytic conversions of car:
bonizable reactants by contact with a fluidized catalytic
bed at elevated pressure and/or at low linear velocities.

The injection of hydrocarbon oil into fluidized catalytic
units operated at atmospheric pressure or slightly super-
atmospheric pressure, €. g, as in the comventional fluid
catalytic cracking units, is accomplished by charging pre-
heated oil intc a catalyst and oi] inlet Jine through which
hot regenerated catajyst is flowing.

Oil and catalyst are mixed in the inlet line by virtue
of the high linear velocity of thé catalyst. The oil and
catalyst mixture is then introduced into the catalyst case
through an orifice at the vertex of a cone-shaped bot-
tom. The included angle of these cone-bottoms has
generally varied between about 90° to 120° .or greater.
In these high velocity operations involving high catalyst
circulation rates, the oil-catalyst mixture passes up-
wardly through a grating or other perforated support,
after entering the cone-bottom of the catalyst case. The
grating is employed to distribute the oil-catalyst mixture
throughout the reactor and also to impart a .measure of
support to the fluid catalyst bed, The linear velocities
of the vapors in the catalyst case utilized in conventional,
high velocity operations are. of sufficient magnitude to
insure further mixing of the oil vapors and catalyst.

The use of the conventional oil charging procedures
employed at atmospheric pressure is met with many dif-
ficulties in fluid catalytic systems operated at elevated
pressures. If the operating pressure of the system is of
significant magnitude, the amount of vaporized oil or
gas required to produce linear velocities of 2 degree com-
parable to those utilized in conventional, high velocity
operations, will be high becanse of the compression
factor, In hydrocracking, for example, or reforming in
the presence of hydrogen, where hydrogen is charged
with the oil, gas recycle rates would be enormous, if
the linear velocities usually employed at atmnsphenc
pressure are to be obtained. Tt has been observed that
with practical recycle gas rates satisfactory fluidization
(characterized by low temperature gradients throughout
the reactor) may be obtained, and satisfactory coo-
version levels may be maintained, although these gas
rates do not preduce a degree of turbulence anything
like that usually associated with normal fAuidization.

The maintenance of satisfactory fluidization in high
pressure catalytic operations by ordinary methods is
made even more difficult in the case of charge stocks
which are partially in the liquid phase at reaction con-
ditions, Obviously, the pressures utilized in the reaction
tend fo create or increase this portion of the charge stock.
This is particularly true in the instance of heavy charge
stocks. In a slow-mixing fluid catalyst bed, such as
that produced by low linear gas or vapor velocities,
slurrying of charge stock and catalyst is more apt to
occur when 2 portion of the charge is liguid. Slurrying
in the catalyst bed leads to coking and catalyst caking
or agglomeration, which tend to destroy fluidization.
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A study of the problem of introducing a carbonizable
reactant into. fixed floid catalytic beds- operating - vnder
pressure has indicated -that several conditions must-be
met for successful reactant injection, First, it is. de-

-sirable. to contact the charge with moving catalyst- as
-quickly as possible.-

For this reason no free space below
a.grating supporting. the catalyst ¢an be permitted, This
is true, since .a.free space:in-this location -is -conducive
to stagnant regions of catalyst when low velaocity. opera-
tions are being conducted. If such a free space is per-
mitted, heavy’ coking oceurs in the free space.

Secondly, the injection system should be- so arranged

‘that substantially no catalyst can flow back out of the

zone of fluidization proper. This may ordinarily. ocear
in high pressure operations -which ere being carried out
in conventional apparatus during temporary. pressure
surges in the reactor. If backflow -of catalyst in low
velocity operations is permitied, stagnant catalyst accumu-
lates below the grating, As stated previously, contact-
ing of catalyst and charge in low velocity zones causes
slarrying and rapid coking and is therefore to be avoided.

Next, the injection system should be so arranged that

‘the force applied to the catalyst from the inlet-orifice

shiould produce a predominantly lifting acticn, i. €., with
the absence of any substantially horizontal vector in the
fiuidizing vapor, This is because the forde of the low
velocity vapors is comparatively less than that of the
fluidizing vapors in conventional high velocity opéra-
tions. ‘Consequently, what force is possessed by the low
velocity vapors mist be concentrated in a predominantly
upward or lifting direction, #n order to avoid settling
out of catalyst. Also, driving action, i. e., forcing cat-
alyst into collision with rigid obstructions such as grat-

-ing, is to be avoided, since this accelerates attrition of

catalyst.

Fourth, the m;ecuon system should be so desigoed as
to produce no stagnant regions of catalyst above the in- -
let and ‘within the fluidizing zone proper. Conventional
fluid catalytic units which cortain grids or other obstruc-
tions to gas.flow-and/or which employ a wide cone angle
do not satisfy these requirements when operated at low
pressure; since catalyst may settle out on the flat upper

-surfaces of the grids or on thé walls of the cone bottom,

Prior investigators have recognized certain of - these
problems, namely the desirability of avoiding settling ont
of catalyst oo the horizontal or- nearly horizontal sur-

faces-of a-grid. These investigators have suggested as

a solution the use of a grid or grating having a plu-
rality of flared openings at its upper surface with the
walls of these openings at the upper -surface of the grat-

ing-being contiguous ‘with -each other so as to avoid flat

surfaces, and with the angle of flare of these openings
being ‘rather narrow,

This solution, however, has failed to prove satisfactory
in connection with high pressure, low velocity opera-
ticns, since the need -to-avoid coking prior to introduc-
tion of -the feed into the main catalyst bed was neither
recoguized nor overcomie. Further, all the difficulties
attendant 1o the use of a-grid remain,

It is a principal object of this invention to provide a
satisfactory method and apparatus for utilization in the
high pressure and/or low velocity fluid catalytic conver-
sion of a carbonizable reactant vapor and/or liquid. A
more specific object is to provide a process and apparatus
which will permit of practical on-stream periods in‘the
type of operation described above when using either a
heavy or light feed stock. Further objects are to provide
a:process and apparatus of the ‘type described which will
avoid-rapid plugging of inlet lines, which will avoid-rapid
coking. and catalyst agglomeration in the reactor, -and
which will produce improved fluidization. - An-additional
object is to provide a process and apparatus which may
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be employed successfully in the fluid catalytic conver-
sion of a carbonizable reactant which is partially liquid
at reaction conditions. Another object is to provide a
process and apparatus which do pot employ a “grid” or
“grating” in the usual sense of the terms. A, farther
object is to provide a process and apparatus which will
not only substantially avoid plugging of the inlet lines
but which also will operate to remove any plugging
which does occur.  Other objects will appear hereinafter.

These and other objects are accomplished by my in-
vention which involves a process wherein a carbonizable
reactant vapor and/or liquid is catalytically converted in
a reaction zone by contact with a fluidized catalyst at
elevated temperature at super-atmospheric pressure,
and/or at low linear gas or vapor velocity. The inven-
tion enables the avoiding of rapid coke formation and
includes in combination with the above process, the steps
of passing » main stream of reactant through a confined
path having a substantially smaller cross sectional area
than the reaction zone, immediately dividing said main
stream into a plurality of smaller streams and passing
each of said smaller streams without previous expansion
upwardly into the lower portion of the reaction zone
which contains & body of fluidized catalyst, Each of
said smaller streams is dilated through an included angle
of not greater than about 22° upon initial contact with
fluidized catalyst, whereby thorough intermixture of
catalyst reactant vapor, and/or liquid is achieved and
stagnant tegions of catalyst are avoided. The dilated
streams are then passed upwardly in a substantially un-
obstructed path into the main body of fluid catalyst.
Reaction products are removed from the reaction zone
while substantially all of the catalyst is retained therein.
One modification of the invention may involve the pro-
vision of & plurality of main reactant streams of differ-
ent composition, each of which is subdivided into a plu-
rality of smaller streams, the smaller strcams of different
compositions being introduced into the reaction zone at
different regions thereof. Another modification may in-
clude the step of preventing backflow of catalyst. The
invention also includes suitable apparatus for carrying
out the process.

Referring briefly to the attached drawing, Figure [ is 2
schematic representation of a catalytic reactor in vertical
section which makes nse of my improved injection sys-
tem. Figure 2 represents a full section of the reactor
shown in Figure 1 along the line 2—2. Like numerals
refer to the same elements in the corresponding views or
similar elements in the same view.

While the accompanying description sets forth certain
specific modifications of the inveition, it is to be under-
stood that these embodiments are by way of illustration
only and are not intended as limiting,.

My invention may be best understood with reference
to the accompanying figures. For convenience, the de-
scription of the drawing of the invention will be made in
connection with a preferred reaction, namely, hydro-
cracking of hydrocarbons.

Referring now to Figure 1, charge stock and hydrogen
which have been previously preheated and compressed to
the desired degree pass into main conduit 2 which is of
substantially smaller cross sectional area than the re-
action zone.

The cross-sectional area of the main conduit must be
substantially smaller than that of the teaction zone, at
Ieast where no means for preventing backflow of catalyst
are cmployed, since otherwise the cones and the inlets
therein may act as a grating with all the attendant diffi-
culties arising therefrom. By providing a main conduit
having a lesser area than the reactor, any catalyst which
does fall into inlet kines tends to be kicked back up into
the reactor, since the vapor velocity in the narrow con-
duit is greater than in a conduit of large cross section.

Main conduit 2 branches off dirgcily (with no inter-
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mediate passage of substantially greater cross-sectional
area) into a plurality of inlet tubes 4 of smaller diamcter.
The preheated oil and hydrogen pass through inlet tubes
4, ihrough conduits 6, and thence into the lower part of
the fluid catalyst bed -which is maintained in relatively
clongated cones 10. The force of the oil-hydrogen mix-
ture is sufficient to raise check-balls 8 {rom their respec-
live seals and allow the passage of the oi! and hydrogen
setween the inner surfaces of conduits 6 and the surfaces
of check-balls 8,

The check-ball assemblies are positioned at approxi-
mately the vertices of the cones 10 and are provided for
the purpose of preventing backilow of catalyst into the
inlet tubes 4 and ceniral conduit 2, during any temporary
pressure suege in the catalyst case. The clearance belwecn
the check-balls 8 and the imner surfaces of conduits &
shonld be sufficiently large to allow free passage of
cil and hydrogen, but with a minimuimn of horizontal
movement of the check-balls. If too great horizontal
novement of the check-ball is allowed, grinding of cata-
fyst results. Accordingly, this is to be avoided. The
check-balls § are retained by pins % ucross the top of the
check-ball assemblies.

In view of the rather narrow passageway between the
check-bails and the inner surfaces of conduits 6, z defi-
qite pressure drop is produced between inlet tubes 4 and
catalyst cones £9. Accordingly, should onc check or
conduit begin to plug, the increase in pressure drop through
the remaining open lines tends to open the plugeed
tube.

Referring briefly to Figure 2, it will be seen that the
cones 19 are arranged so that no appreciable horizontal
flat surfaces exist, Flat surfaces are to be avoided, since
they create areas of stugnant catalyst during operations
carried out at elevated pressure. It should be mentioned
that in  commercial reactor a substantially larger num-
ber of cones might be employed, the number illustrated
being small for the sake of simplicity.

Returning to Figure 1, the cil-hydrogen vapor streams
teave conduits 6 and are dilated through an included angle
no grester than about 22° upon their initial contact with
the lower portion of the fluid catalyst bed. The oil and
hydrogen then pass from the cones upwardly in a sub-
stantially uncbstructed path through the main partion of
the fluid catalyst bed where further contact of the re-
actant vapors with catalyst is made.

It should be noted that no grid or other substantial
hindrance to vapor and catalyst flow is employed. This
is because such grids tend to hinder free movement of
catalyst and vapors at the low linear velocities conlem-
plated, thus creating regions of stagnant catalyst in the
rone beneath. These grids or gratings do not have the
same effect when employed in reactors in which {he linear
velocities are aprpeciably higher as, for example, in fluid
catalytic cracking.

With respect to the cones 10, it has been meationed
that the included apgle thereof 15 not substantially greater
than about 22°. This is an essential featurs of the inven-
tion. It has been observed that if the ccne angle 5
less than about 22°, no stugnant catalyst aicas are ob-
tained in the catalyst bed despite the low licear velocities
inherent in high pressure operations. If reactors with
larger cone angles are used, catalyst caking resulls at
the point where the cone meets the reactor wali. As
pointed out hereiabefore, catalyst agglomeration or cak-
ing destroys fluidization.

Tt should also be noted that while the dilated or flared
portions 16 of the inlct tubes 4 have been referred 1o as
“comes,” it will be observed that they are nct simple in-
dividual conical sections terminating in circuiar bases in
one horizontal plane. Instead they are segments of cones,
the walls of which have been extended so as to intersect
with the walls of the reactar or of adjuceat cones without
deviating from the angle of 22° or less selected for the
¢one angle. By this form of construction, gaps or hori-
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zontal surfaces between the bases of adjacent cones, or
between the cones and the. reactor walls, are avoided.

‘Returning now to- the description of the process, oil
vapors, hydrogen, and reaction. products leave the dense
phase- of fluid catalyst in reactor 12 and . pass into a dis-
engaging space thereabove.

In this space a. portion of the catalyst is disengaged
from the vapors and drops back.into the main body of
catalyst. The oil vapors, hydrogen, and reaction-products
and some entrained catalyst particles pass into cyclone
separator 14, where the bulk of the entrained catalyst is
disengaged from the vapors and returned to the main
catalyst bed through standpipe 18. Substantially cata-
Iyst-free vapors are then removed through line 19, valve
20 and line 22 for further conventional treatment, e. g.,
depressuring, condensation, removal of gases, fractiona-
tion, and ‘the like.

The injection-system illustrated; comprising cones, etc.,
is advantageously constructed in the manner shown, so
that it may be inserted in the lower end of the reactor
tube, This design makes for simple coustraction and
easier servicing.

While the apparatus illustrated -in the drawing makes
use of a single main conduit, the invention is not limited
- thereto. In fact, a preferred form. of the invention is one
in which two or more main conduits are employed.. This

-modification has the- additional advantage of increased
flexibility - of .operation; for example, each matn conduit
may carry a.different feed, ¢. g., the main conduit serv-
ing the outer ring of cores may carry hydrogen, while
that serving the inner.cones may carry an oil-hydrogei
mixture.. The introduction. of vapor streams of different
cempositions. at different regions in the reaction zone is
advantageous, since improved. fluidization and other bene-
fits may be obtained. when .using. different reactants and
catalysts of different compositions, densities and particle
sizes or shapes, The method of introducing vapors may
also be varied during the.course of the reaction as thc
activity .of the catalyst.drops. The greater flexibility of
operation recommends this modification as preferred,

An example of.an injection system employing a plu-
rality of main conduits is found in Figure 3, In this fig-
ure, feed “A,” e. g., a preheated and compressed mixiure
of hydrogen and oil, enters:the system through main
conduit 50 from which it is immediately directed into a
plurality of smaller branch lines 52, The feed “A” passes
from lines 52, past check-balls 8, through passage 6, and
into the vertices of cones 18.

At the same time feed “B,” e. g., preheated and com-
pressed hydrogen is introduced. .into the system by way
of main conduit 54 from which. it is directed inio smaller
branch. lines 56. This feed passes from. branch lines 56
into the vertices of the cones 10 in the outer ring and
thence as described above into the.catalyst bed.

Figure 4 is a sectional plan view along-the line 4—4
of Figure.3. The cones indicated with the letter “B” re-
ceive fead “B"; the cones lettered “A™ receive feed “A."

The. invention is of course nat restricted to-the par-
ticular arrangement or number- of cones, or distribution
means -lustrated, since other satisfactory arrangemenis
embodying the. spirit of the invention will be readily ap-
parent to those skilled:in the art.

Since my invention involves the treatment of carbon-
izable reactants at-elevated temperatures, the catalyst
eventually becomes deactivated, principally because of
a carbonaceous deposite on the catalyst particles. Ac-
cordipgly, the catalyst may be regenerated in one of three
ways:

(1) Charging of reactant may be discontinued and

“ the. catalyst regenerated in situ,

(2} Catalyst - may be -withdrawn continuously at a
very-low rate through line 23, valve 24, and line 25, re-
generated in. a'separate vessel (not shown) and returned
to the reactor through line 26, valve 27, and line 28, or
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(3) The entire catalyst bed may be removed periodi- 76

6

_cally, regenerated, and returned to the reactor through

the lines indicated.

The.details of catalyst regeneration are well known in
the art and for this reason need not be discussed.

Alternatively, the catalyst may be removed, discarded
and replaced by fresh catalyst.

In general, I consider my invention applicable to any
reaction in which a carbonizable reactant is catalytically
converted at elevated femperature by contact with.a fluid
catalyst bed at low gas or vapor velocities, and particu-
larly to reactions of this type which are carried out at
elevated pressure. By “carbonizable reactant” is meant
an organic- vapor and/or liquid which is decomposable at
reaction conditions to form inter alia, some amount of
tarry or coke-like material. These reactants may exist in
gas, liquid or mixed liquid-vapor form at reaction condi-
tions, Other non-carbonizable reactants, e. g., hydrogen
are contemplated for reaction with the carbonizable re-
actant. Specific examples of reactions to which this in-
vention is applicable’ are: hydrogenation of aldehydes,
phenols, etc., and hydrocarbon synthesis. My invention
is quite useful as regards the catalytic conversion of hydro-
carbons. Examples of such reactions are nen-destructive
hydrogenation and addition-addition reaction such as
polymerization. Preferred reactions of this type to which
my invention is-applicable are: hydrocracking or destruc-
tive hydrogenation, hydrodesutfurization, hydroforming
and catalytic reforming of hydrocarbons in the presence
of hydrogen.

The catalysts contemplated by my invention do not
form a part of the invention and are (hose conventionally
employed in the perticular reaction being carried out. The
catalysts for the varicus reactions are well-known; there-
fore, it is not considered necessary to list them in detail.
However, for the purpose of illustration, a few examples
of catalysts which may be employed in a preferred modi-
fication. will be given. In the hydrocracking of hydro-
carbons satisfactory catalysts are compounds or mixtures
containing nickel, iron, cobalt, vanadium, chromium,
tungsten, molybdenum, titanium and zirconium. Cther
catalysts known for the purpose may be used with equal
facility. Catalyst supports or carriers may be utilized, if
desirad. The size of the catalyst particles is that por-
mally employed in fluid catalytic reactions, e, g., between
about 50 and 400 mesh,

The reaction conditions employed in the operation of
my invention are those normally employed in connection
with the particular reaction being carried out., These
conditions are well-known in the art and need not be de-
scribed jn detail.  For illustrative purposes it wiil be men-
tioned that destructive hydrogenaticn 6f hydrocarbons, a
preferred form of the imvention, may be carried out at
temperatures between about 750° F. and about 1000° F.
and at pressures between about 300 p. s. i. g. and about
3000 p. s. i. g.-(higher pressures may also be employed)
and with a hydrogen to oil ratio of beiween about 300
and about 20,000 s. ¢. £f./bbl.

It should be puinted out thai the linear velocities of
the vapors in the reactions contemplated by this invention
are relatively low and are generally in the range of be-
tween about 0.01 and about 0.1 ft./sec. While the inven-
tion is particafarly useful in processes involving these
linear velocities, it is not dmited thereto, since substantial
benefits may. be obtained over any conventiopal tech-
nique, where difficulty with catalyst caking is experienced
because of stagnation of the particles. The pressures
disclosed above in connection with destructive hydro-
genation produce low linear velocities such as those de-
scribed.

As regards hydrocarbon oil feed stocks, light distillate -
stecks are preferred but the invention is particularly ad-
vantageous, since it may be employed in the catalytic
conversion of heavy charge stocks such as total, reduced
or topped crude petroleum oils including those of low
API gravity. This is true, since these charge stocks are
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particularly conducive to the formation of heavy coke
depaosits, which deposits are minimized by this invention.

My improved process and apparatus are advantugeous
in that they provide a more sutisfactory method of effect-
ing the catalytic conversion of a carbonizable reactant
at elevated pressure and/cr low linear velocity by con-
tact with a fuid catalyst. The invention also is of ad-
vantage in that it allows longer processing or on-strcam
periods in the type of reaction described.

What I claim is:

1. In a process wherein a carbonizablz reactant is

catalytically converted in a rcaction zone by contact with
a fluidized cataiyst at elevated temperature and at low
lincar vaper velocity, the methed of avoiding rapid coke
formation comprising passing a main stream of reactant
through a confined path having a substantially smaller
cross-sectional area than the reaction zong, immediately
dividing said main strcam into a plurality of smaller
streams, introducing each of said smaller streams with-
out previous expansion upwatdly into the Icwer pottion
of the reaction zone which contains a body of fluidized
catalyst, dilating each of said smaller streams through an
included angle of no greater than about 22° upon initial
contact with the fluidized catalyst, whereby thorough
intermixture of reactant and fluidized catalyst is achieved
and stagnant regions of calalyst are uvoided, passing the
dilated streams upwardly into the main body of Anidized
catalyst in a substantially unobstrested path, aad remov-
ing 1eaction products from the reaction zons while retain-
ing substantially all of the catalyst theregin.
2. In & process whesein a carbonizable reactant vapor
is catalytically converted in a reaction zone by contact
with a fluidized catalyst at elevated temperature at super-
atmospheric pressure and at fow linear vapor velacities,
the method of avoiding rapid coke formation comprising
passing & main stream of reactant vapor through a2 con-
fined path having a substantially smailer cross-sectional
arca than the reaction zone, immediately dividing said
main siream into a plurality of smaller streams, intre-
ducing each of said smaller streams without previous
expansion upwardly into the lower portion of the reaction
zone which contains & body of fluidized catalyst, dilating
each of said smaller sireams through an included angle
of no greater than about 22° upon initial contact with the
fluidized catalyst, whereby thorough intermixture cof re-
actant and fluidized catalyst is achieved and stagnant
regions of catalyst are avoided, passing the dilated streams
upwardly into the main body of fluidized catalyst in a
substanlially unobstructed pathh, and removing reaction
products from the reaction zone while retaining sub-
stantially all of the catalyst therein.

1. In o process wherein a carbonizable reactant is
catalytically converted in a reaction zome by contact with
a finidized catalyst in the presence of hydrogen at elevated
temperature, at 2 pressure of between about 300 and about
3000 p. 5. i. 8., the method of avoiding rapid coke form-
tion comprising passing a main stream of reactant through
a confined path having a substantially smaller cross-
sectional arca than the reaction zone, immediately divid-
ing said main stream into a plurality of smaller streams,
introducing each of said smaller streams without previous
expansion npwardly into the lower portion of the reaction
zone which contains a bedy of fluidized catalyst at a rate
which results in a lincar velocity of between about 0.0t
and about 0.1 ft./sec., dilating each of said smaller streams
threugh an included anale of no greater than about 22°
upon initial contact with the fluidized catalyst, whereby
thorcugh intermixture of reactant and catalyst is achieved,
and stagnant areas of catalyst are avoided, passing the
dilated streams upwardiy in a substantially uncbstructed
path into the main bedy of fluidized catalyst, and remov-
ing reaction products from the reaction zone while re-
taining substantially all of the catalyst fluid therein.

4. In a prozess whersin a carbonizable reactant is
catalytically converted in a reaction zone by contact with
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a fluidized catalyst at elevated temperature and at Iow
linear vapor velocity, the improvement comprising es-
tablishing a main stream of reactant, dividing said main
stream into a plurality of smaller streams, introducing
cach of said smaller streams without previous expansion
upwardly into the lower portion of the reaction zone
which contains a body of fluidized catalyst while prevent-
ing backflow of catalyst from the reaction zone into said
streams, difating each of said smaller streams through an
included angle of no greater than about 22° upon and
immediately after initial contact with the fluidized catalyst,
whereby thorough intermixture of reactant and flnidized
catalyst is achieved and stagonant regions of catalyst are
avoided, passing the dilated streams upwardly into the
main body of fluidized catalyst in a substantially unob-
structed path and removing reaction products from the
reaction zone while retaining substantially all of the
catalyst therein,

5. To a process wherein a carbonizable reactant is cata-
Iytically converted in a reaction zone by contact with a
fluidized catalyst at elevated temperature and at low linear
vapor velocities, the improvement comprising passing a
main stream of reactant through a confined path having
a substantially smaller cross-sectional area than the reac-
tion zone, immediately dividing said main stream: into a
plurality of smaller streams, introducing each of said
smaller streams without previous expansion upwardly inte
the lower portion of the reaction zone which contains
a body of fiuidized catalyst while preventing backflow
of catalyst from the reaction zone into said streams, dilat-
ing each of said smaller streams through an included
angle of no greater than about 22° upon and immediately
after initial contact with the fluidized catalyst, whereby
thorough intermixture of reactant and fluidized catalyst
is achieved and stagnant regions of catalyst are avoided,
passing the dilated streams upwardly into the main body
of fluidized catalyst in a substantially nnobstructed path
and removing reaction products from ihe reaction zone
while retaining substantially all of the catalyst therein.

6. In a process wherein a carbonizable reactant is cata-
Iytically converted in a reaction zonc by contact with a
fluidized catalyst at elevated temperature and at low linear
vapor vclocities, the improvement comprising passing a
first main stream of reactant having one composition
through a confined path, passing a second main stream
of reactant having = different composition through a dif-
ferent confined path, each of said cenfined paths having
a smaller cross-sectional area than the reaction zepe, im-
mediately dividing said main streams of reactant into a
pluratity of smaller streams, introducing each of said
smaller streams without previous expansion upwardly into
the lower portion of the reaction zone which contains a
fluidized catalyst, said streams of different composition
being introduced at laterally adjacent regions of the re-
action zone, dilating each of said smaller strcams through
an included apgle of no greater than about 22° upon
initial contact with the fluidized catalyst, whereby thor-
ough intermixture of reactants and catalyst is achieved
and stagnant regions of catalyst are avoided, passing the
dilated streams upwardly into the main bedy of fluidized
catalyst in a substantially uncbstructed path, intermixing
caid dilated streams, and removing reaction products from
the reaction zone while retaining substantially ail of the
catalyst therein.

7. Catalytic apparatus comprising in combination a re-
action vessel adapted to contain a bed of fluidized catalyst
at superatmespheric pressure, means for introducing re-
actant at superatmospheric pressure into the lower end of
the reaction vessel, said means comprising a main re-
actant conduit having a substantially smaller cross-sec-
tional area than the reaction vessel, said main conduit
terminating in a plurality of smaller distributing conduits,
said smaller conduits terminating in laterally adjacent,
substantially unobstructed, upwardly diverging cones hav-
ing included angles of no more than about 22°, said cones
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being orizated similarly as the major axis of the reaction
vessel and the major ends thereof being closely disposed
s0 as to occupy substantially the entire cross-seciional
area of the reaction vessel, means for retaining catalyst
in the reaction vessel and means for withdrawing reaction
products from the vessel.

8. Catalytic apparatus comprising in combinatiosn a re-
action vessel adapted to contain a bed of fluidized catalyst
at superatmospheric pressure, means for introducing re-
actant at superatmospheric pressure into the lower end of
the reaction vessel, said means comprising a main re-
actant conduit having a substantially smaller cross-sec-
tional area than the reaction vessel, said main cenduit
terminating in 2 plurality of smaller distributing conduits,
said smaller conduits terminating in laterally adjacent,
closely disposed, substantially unobstructed, upwardiy di-
verping cones having included angles of no more than

about 22°, said cones being oriented similarly ag the major .

axis of the reaction vessel, means for preventing apprecia-
ble backflow of catalyst into the described conduits, outlet
means for withdrawing reaction products from the vessel,
and means in association with the ocutlet means for re-
taining catalyst in the reaction vessel.

9. Catalytic apparatus comprising in combination a re-
action vessel adapted to contain a bed of fluidized catalyst
at superatmospheric pressure, means for introducing re-
acfant at superatmospheric pressore into the lower end of
the reaction vessel, said means comprising a main re-
actant conduit terminating in & plurality of smaller dis-
tributing conduits, said smatler conduits terminating in
Iaterally adjacent, closely disposed, substantially unob-
structed, upwardly diverging cones having inciuded angles
of no more than about 22°, said cones being oriented
similarly as the major axis of the reaction vessel, means
for preventing appreciable backflow of catalyst into the
described conduits, outlet means for withdrawing reac-
tion products from the vessel, and means in association
with the outlet means for retaining catalyst in the reac-
tion vessel. '

10. Catalytic apparatus comprising in combination a re-
action vessel adapted to contain 2 bed of fividized catalyst
at superatmospheric pressure, means for introducing re-
actant at superatmospheric pressure into the lower end of
the reaction vessel, said means comprising a main re-
actant conduit terminating in & plurality of smaller dis-
tributing conduits, said smaller conduits terminating in
laterally adjacent, closely disposed, substantially unob-
structed, upwardly diverging cones having included angles
of no more than about 22°, said cones being oriented
similarly as the major axis of the reaction vessel, a check-
ball assembly positioned approximately at the vertex of
each cone comprising a check-ball, a seat for said-check-
ball, a conduit surrounding said check-ball and said seat,
the diameter of said conduit being slightly greater than
that of said check-ball, ontlet means for withdrawing re-
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action products from the vessel, and means in association
with the outlet means for retaining catalyst in the re-
action vessel.

11. Catalytic apparatus cemprising in combination &
reaction vessel adapted to contain a bed of fluidized cata-
Iyst at superatmospheric pressure, means for introducing
reactant at superatmospheric pressure into the lower end
of the reaction vessel, said means comprising a plurality
of main reactant conduits connected to different sources
of supply and having a substantially smaller cross-sec-
tionzal area than the reaction veszel, each of said main con-
duits terminating in a plurality of smaller distribufing

_ conduits, said smaller conduits terminating in laterally ad-
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jacent, closely disposed, substantizlly unobstructed, up-
wardly diverging cones having included angles of no more
than abeut 22°, said cones being oriented similarly as the
major axis of the reaction vessel, said smaller conduits
being so arranged as to introduce the contents of each
main conduit into different regions within the reaction
vessel, means for retaining catalyst in the reaction vessel,
and means for withdrawing reaction products from the
vessel.

12. In a process whercin a carbonizable reactant is cata-
Iytically converted in a reaction zone by contact with a
fluidized catalyst at elevated temperature and at low vapor
velocity, the improved method of intreducing reactant
into the reaction zone, comprising establishing a main re-

“actant stream having a velocity substantially greater than

that in the reaction zone, dividing said main reactant
stream iato a plurality of smaller str=ams without sub-
stantiai intermediate reduction in reactant velocity, di-
recting said smaller streams without previous expansion
upwardly and adjacently into the lower portion of the re-

 action zone, dilating each of said smaller streams through
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an included angle of no greater than about 22° upon
initial contact with catalyst, continuing dilation of said
streams until the dilated streams occupy substantially the
entire cross-section of the reaction zone, then passing the
dilated streams upwardly into the main portion of the
reaction zone, in a substantially unobstrocted path, and
finally separating reaction producis from catalyst.
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