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This invention has to do with a method and
apparatus for conversion of fluld hydrocarbons
in the presence of a particle-form solid contact
material which may or may not be catalytic in
nature.

Exemplary of the processes to which this in-
vention may be applied are the catalytic crack-
ing conversion of high boiling fluid hydrocar-
bons, the catalytic hydrogenation, dehydrogena-
tion, aromatization, polymerization, alkylation,
isomerization, reforming, treating or desulfuriz-
ing of selected hydrocarbon fractions. Also ex-
emplary are the thermal cracking, viscosity
breaking and coking of hydrocarbon fractions in
the presence of heated inert, solid materials.

Typical of such processes is the catalytic
cracking conversion of hydrocarbons, it being
well known that high boiling fluid hydrocarbons
may be converted to lower boiling gaseous, gaso-
line containing hydrocarbon products by ex-
posure to a suitable adsorbent type catalytic ma-
terial at temperatures of the order of about
800° F. and higher and at pressures usually above
atmospheric. Such a process has recently been
developed commercially into a continuous cyclic
process wherein the solid catalyst is passed
cyclically through a conversion zone wherein it
is contacted with fluid hydrocarbons to effect the
conversion thereof and through a regeneration
zone wherein it is contacted with a combustion
supporting gas such as air which acts to burn off
from the catalyst a carbonaceous contaminant
deposited thereon in the conversion zone,

This invention is particularly concerned with
such cyclic conversion processes or gas-solid con-
tacting processes wherein the particle-form con-
tact material moves through the conversion zone
or contacting zone as a substantially compact
column and wherein gaseous reaction products
or contacting gas and the used contact material
are separately withdrawn from the conversion
or contacting zone. )

In such cyclic processes wherein the contact
material is a catalyst it may partake of the nature
of nauural or treated clays, bauxite, inert carriers
upon which catalytic materials such as metallic
oxides have heen deposited or certain synthetic
associations of silica, alumina or silica and
alumina to which small amounts of other mate-
rials such as metallic oxides may be added for
special purposes. In processes wherein the con-
tact material is not catalytic in nature its pur-
pose is usually that of a heat carrier and may
take any of a number of forms, for example
spheres or particles of metals. stones or refrac-
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tory materials such as mullite, zirkite, or corhart
material. In order to permit practica! rates of
gas flow through the contact material which is
maintained as a substantially compact column
in the conversion zone, the contact material
should be made up of particles falling within the
size range of about .005 to 1’* diameter and pref-
erab'y .03 to 0.3 inch diameter.

In such processes wherein the direction of gas
flow through the reaction zone is countercurrent
to the downward flow of the contact material, the
maximum rate.of gas flow should be limited to
that which will not cause “boiling of the contact
material” or serious interference with its flow

? otherwise serious difficulties arise such as chan-

neling of the solid and gas flow and excessive
attrition of the solid material. In many processes
such as, for example the conversion of liquid
hydrocarbons to lower boiling gaseous products
it is desirable to pass the reactant flutid down-
wardly through the conversion zone concurrently
with the contact material flow. In such processes
a serlous difficulty arises in the withdrawal of
gaseous reactants from the contact material
column witHin the conversion zone. In one form
of operation practiced heretofore a row of in-
verted, spaced, collecting troughs, open along
their bottoms was positioned in the column of
contact material within the lower section of the
reactor, and gas was withdrawn from the ends of
these troughs. *Such an arrangement has proved
unsatisfactory for most concurrent flow opera-
tions, which are characterized by very high rates
of gas flow through the conversion zone, due to
the entrainment of a substantial amount of the
contact material particles from the conversion
zone in the gas streams withdrawn from the row
of collector troughs. This entrainment is for the
most part caused by the fact that such an ar-
rangement for gaseous material withdrawal from
a column of contact material does not provide
sufficient gas-solid disengaging area and due to
the very high linear ve'ocity of the disengaged gas
under the collector troughs.

A major object of this Invention is the pro-
vision in a process wherein a gaseous material is
contacted with a substantially compact column
of particle-form contact material of an improved"
method and-apparatus for withdrawal of gas from
said column without substantial entrainment of
contact material particles.

Another object of this invention is the pro-
vision of an improved method and apparatus for
conversion of a high boiling fluid hydrocarbon
to a lower boiling gaseous hydrocarbon product in
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& confined zone In the presence of a substantially
compact column of contact material particles
flowing downwardly through sald zone in the
direction of the reactant flow. .

A specific object is the provision in g system
wherein gaseous material is contacted with & sub-
stantially compact column of downwardly mov-
ing contact material particles of an improved ar-
-rangement of gas outlet collector members which
permits uniform withdrawal of gas from the con-
tact material column without substantial en-
trainment of contact material.

These and other objects of this invention will
become apparent from the following detailed de-

" scription of the invention. Before proceeding
with the description certain expressions em-
ployed herein in describing and in claiming this
Invention will be defined. The term “gaseous”
as used herein, unless specifically otherwise
modified, is intended broadly to cover material
existing in the gaseous phase under the particu-
lar operating conditions involved regardless of
what may be the normal phase of that material
under ordinary atmospheric conditions. The
expression “contact material,” unless otherwise
specifically modified, is used herein in a broad
sense to cover any solid material having suitable
heat carrying and stability properties for the
particular process application in which it is em-
ployed, and the expression is intended to broadly
cover catalytic and non-catalytic materials.

The invention may be most readily understood
by reference to the drawings attached hereto of
which

Figure 1 is an elevational view of an arrange-

ment of a cyclic conversion system to which this

invention is applied,

Figure 2 is an elevational view, partially in
section of a conversion vessel constructed accord-
ing to this invention,

Figure 3 is a plan view, partially in section,

taken along line 3—3 of Figure 2,

- Figure 4 is a detailed view of a portion of a
modified gas collecting member which may be
substituted for the gas collecting members shown
in Figure 2, -

Figure 5 is a sectional plan view taken at 5—5§
in Figure 4,

Figure 6 is an elevational view, partially in sec-
tion, of a portion of a conversion vessel provided
with a modified arrangement of gas collecting
members,

Figure 7 is an elevational sectional view taken
along line 117 of Figure 6,

Figure 8 Is an elevational view, partially in
section, of a portion of a conversion vessel pro-
vided with still another modified arrangement
for collecting gas, and

Figure 9 is a graphical demonstration of the
relationship between gas collector spacing and
the disengaging capacity of sald collectors, Al
of these drawings are highly diagrammatic in
form.

Turning now to Flgure 1, there is shown a
conversion vessel 10, & regeneration or revivifica-
tion vessel |1 and conveyors 12 and (3 for trans-
fer of contact material between the conversion
and regeneration vessels. In operation particle-
form contact material is supplied from hopper
40 through gravity feed leg #1 into' the upper
section of the conversion vessel 10. Used con-
tact material is withdrawn from the lower end
of vessel 10 through drain conduit 4. The rate
of contact material flow is controlled by valve 18
on conduit 14 so that a substantially compact
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column of contact material is maintafned with{
the conversion zone. The hydrocarbon chargi
to vessel 10 may exist in the gaseous phase o1
liquid phase or both. The charge may be va-
borized and/or heated and separated into vapo:
and liquid fractions in a suitable charge prepa-
ration system 16 which may be of conventional
design. Heated charge vapors may be admitted
to the upper section . of the conversion zone
through conduit {7 and heated lquid charge may
be admitted through conduit 18. Gaseous con-
version products are withdrawn separately of
the contact material, from the lower section of
the conversion zone through conduit 8 through
which it passes to a conventional product recov-
ery system 20. An inert seal gas such as steam
or flue gas may be admitted through conduit 24
into a seal zone maintained at the upper end of
vessel {0 for the purpose of preventing hydro-
carbon escape through the gravity feed leg. The
rate of seal gas introduction may be so controlled
by means of diaphragm actuated valve 22 and
differential pressure control instrument 23 as to
maintain a seal gas pressure in the seal zone
slightly above the hydrocarbon pressure in the
upper section of the conversion zone. An inert
purge gas such as steam or flue gas may be in-
troduced into the contact material column be-
low the level of gaseous reactant through con-
duit 24 withdrawal for the purpose of purging
gaseous reaction products from the outflowing
used contact material. The used contact mate-
rial is transferred by conveyor {2, which may be
a continuous bucket elevator for example, to the
upper end of regeneration vessel {i. The re-
generation vessel shown is of the multi-stage
type, well adapted for the regeneration of spent
cracking catalysts. Air or oxygen containing
gas is introduced from manifold 25 into several
superposed burning stages through inlet con-
duits 26, 27 and 28. Flue gas may be withdrawn
from these stages through conduits 29, 30 and
31, all connecting into outlet manifold 32. The
contact material temperature may be controlled
by passing a suitable cooling fluid through cool-
ing tubes located in vessel 11 between the burn-
ing stages. Cooling fluid may be introduced into
the cooling tubes (not shown) through com-
municating inlets 33 and 34 and withdrawn
therefrom through communicating outlets 35 and
36. Regenerated contact material is withdrawn
from vessel {1 through drain conduit 37 through
which it passes to conveyor 13. The hot regen-
erated contact material is transferred by con-
veyor {3 to reactor supply hopper 48. While the
regenerator described hereinabove is of the multi-
stage type it will be understood that other types
of regenerators adapted for regenerating contact
materials may be employed within the scope of
this invention. The type of regenerator or re-
vivification vessel to be employed will vary de-
pPending upon the particular process involved.
Any apparatus adapted to condition the contact
material to a state satisfactory for re-use in the
particular conversion process involved is con-
templated to be within the scope of this inven-
tion. It should be further understood that this
invention is not considered as limited to any par-
ticular ~positioned arrangement of conversion
and regeneration vessels or to the particular ap-
paratus described hereinabove for contact mate-
rial introduction into the conversion vessel.

The improvement of this invention as applied
to the conversion vessel 10 is shown in Pigure
2 wherein 10 is the conversion vessel having solid
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irilet 41 at its upper end and outlet 14 at its
lower end. A partition 43 is positioned across
the upper section of the vessel 10 to provide a seal
chamber 44 in the upper end of vessel 10. Con-
. tact material passes from seal chamber 44 onto
the surface of the contact material column 45
in the conversion chamber therebelow through
uniformly distributed tubes 46 which depend from
partition 43. The partition 43 and tubes 46 com-
bine to provide a gas distribution space 47 above
the contact material column in the conversion
chamber. Vaporized hydrocarbons may be intro-
duced into the gas space through conduit (7.
Liquid hydrocarbons enter through conduit 8
which extends across the vessel and is closed on
its end within the vessel. A number of Hquid
distributing tubes 48 extend horlzontally across
the gas space 41. These tubes are closed on the
ends thereof which terminate within the vesscl
and are connected on their opposite ends on the
outside of the vessel into a liquid charge inlet
manifold 18, A number of spray nozzles 10 are
connected at intervals along the tubes 48 so as
to direct a liquid hydrocarbon spray downwardly
onto the surface of the column 45. Across the
lower section of vessel 10 there is provided a
horizontal partition 50 from which depend a
plurality of tubes 81 communicating with the con-
tast material column above the partition 59 ter-
minating a spaced distance therebelow. Thus

there is provided a solid settling space and plenum

chamber 52 from which gravity flow of solid
from the column of contact material is excluded
and a number of confined passages for solid
material flow from the column through the set-

tling space onto the surface of the compact bed .

of contact material 53 maintained in the lowest
portion of vessel 10, Contact material is with-
drawn from the bottom of the bed 53 defined by
another partition 54 through a number of uni-
formly distributed tubes 56. The streams from
tubes B5 are proportionately combined into a
smaller number of streams flowing through ori-
fizes 66 in still another partition 87 within the
jower section of yessel i0 and the streams from
orifices 56 are proportionately combined into a
single discharge steam flowing from the conver-
. sion vessel in conduit 14. The number of ori-
flces within partition 57 are only one quarter
the number of tubes depending from partition
54 and that the orifices 56 are horizontally stag-
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ends and open on their lower ends and are uni-
formly distributed over the cross-sectional area
of the partition 59. Rods 83 serve to latterly sup-
port the tubes 8{ near their upper ends. Along
cach tube 8{ are fastened a plurality of vertically

~ spaced apart inverted cups 80 having upwardly
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gered with respect to tubes 54. By the gradual -

proportionate combination of streams into a
single discharge stream as described hereinahbove
uniform withdrawal of contact material from all

portions of the cross-sectional area of the conver- - -

sion vessel is insured. The number of rows of’

partitions with orifices or depending tubes em-
ployed depends of course on the horizontal cross-
sectional area of the vessel involved. If the vessel
i0 is of circular cross-sectional shape the tubes
in each partition may be conveniently arranged
as concentric circular rows of tubes. On the
other hand for a vessel of rectangular. cross-sec-
tional shape the tubes in each partition may be
conveniently arranged in spaced apart parallel
rows of tubes extending across the vessel.. A gas
outlet conduit {9 connects into the vessel shell
~ at the level of space 52. Studying now Figures

9 and 3 together within the lower section of vessel
{8 there are provided a plurality of spaced vertical
tubes 81 extending upwardly from gas space 52,
through the partition §0 to which they are fas-
tened and upwardly to a fixed level above parti-
_tion 50, The tubes 81 are closed on their upper
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tapered roofs. Thus there is provided a num-
ber of uniformly distributed gas collecting cups
at a series of vertical levels within the lower sec-
tion of vessel 10. As will be seen in Figure 3,
the cups are of approximately square horizontal
cross-sectional shape. Orifices 82 are provided
in each tube at a level just under the roof of

‘each cup so as to communicate the interior of

each tube 8i with the underside of each cup
fastened thereto.

In operation contact material enters the seal
chamber 44 through conduit 40 and passes from
the bottom of the seal chamber through tubes 46
onto the surface of the contact material column
45 in the conversion chamber. The contact
material flows downwardly through an upper
portion of the conversion chamber as a sub-
stantially compact bed or column of gravity
flowing particles. The rate of solid flow is con-
trolled. by throttling' by means of valve 15 on
the outlet 14 from vessel {0. Contact material
passes from the bottom of the column through
tubes 51 onto the surface of bed 53 from which
it is withdrawn as described hereinabove. Vapor-
ized hydrocarbon reactants enter through con-
duit 17 into the distributing space 4T over the
contact material column and then pass down-
wardly through the column concurrently with
the solid flow. If thé reactant exists in the
liquid phase it is introduced through conduit {8
and sprayed onto the contact material column
by means of spray devices 10. The resulting
gaseous conversion products disengage from the
column under the vertically spaced cups 80 from
which it is withdrawn through orifices 82 into
tubes 8f. The gaseous products pass from the
lower ends of tubes 8 into gas space 52 .and
are withdrawn from the vessel through con-
duit {9.

While the arrangement described hereinabove
is a preferred arrangement, certain modified ar-
rangements are also contemplated to be within
the scope of this invention. For example, in Fig-
ures 4 and 5 there is shown a single gas collect-

ing tube 95 to which are attached two vertically

spaced apart inverted cups 96 of frusto-conical-
shape. Perforations 87 in tube 956 communicate
the interior of the tube with the space under the
cups 96. A number of such tubes 85 and cups 96
may be substituted for the tubes 81 and cups 80
in the apparatus of Figure 2. In general it has
been found desirable to provide vertical skirts
along the lower edge of the tapered roof of gas col-
lecting members as shown in Figure 2. The height
of the skirts should be at least %2-inch and prei-
erably at least one inch for highest disengaging
capacity. - If desired, means other than the
plenum chamber 52 and outlet 19 may be sub-
stituted in the apparatus of Figure 2 for the pur-

‘ pose of gas withdrawal from tubes 8i. For ex-

ample, rows of tubes 81 may connect on their
lower ends into a row of spaced horizontal gas
outlet ducts or tubes which in turn communicate
through suitable conduits with the exterior of ves-
sel (8. ‘ '
While in all forms of this invention if is im-
portant that the gas collecting members be pro-
vided at more than one level, the number of levels
at which they may be required may vary de- .
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Pending upon the particular operations involved.
Moreover, while in the preferred form of this in-
vention the gas collecting members -should take
the form of inverted cups, still in less preferable
forms considered to be within the scope of this in-
vention the collecting members may take certain
other forms. Such another form is shown in Fig-
ures 6 and 7, Figure 6 being a vertical view, par-
tially in section, of that portion of g conversion
vessel 10 in which the gas collecting members
are provided and Figure 7 being a sectional view
taken along line 7—17 in Figure 6. In Figures 2,
6 and 7, elements which are identical bear like
numerals. In the modification shown in Figures
6 and 7, there are provided within the vessel 10
and above the partition 50 a plurality of spaced
horizontaly extending gable roofed, inverted gas
collecting troughs 87 arranged in g plurality of
spaced vertical rows of vertically spaced troughs
adjacent troughs in adjacent rows being offset
vertically. End plates 88 close off the ends of
the trough 87. A row of horizontally spaced tubes
81 extend upwardly through partition 5¢ and
through all the troughs in any vertical row of
troughs, the tubes 81 passing tightly through the
gable roof so as to serve as support for the troughs.
Holes 82 are provided in the tubes 81 to communi-
cate the underside of the troughs 81 with the
interior of the tubes 81,

Other methods for withdrawal of gas from
under the gas collector members may be substi-
tuted for the tubes 81 in less preferred modifica-
tions of the invention. For example in Figure §
there is shown a portion of a conversion vessel
{8 in which there are provided two vertically
spaced rows of gas collector troughs 90. Tubes
91 extend a short distance under each trough and
connect to external manifolds 92 and 93 so as to
provide for withdrawal of gas from one end of
all the troughs 90 in the upper row thereof into
manifold 92 and for withdrawal of gas from one
end of all the troughs 86 in the lower row there-
of into manifold 93. Valves 94 and 95 are pro-
vided on manifolds 92 and 93 to bermit independ-
ent_control of the rate of gas withdrawal from
the troughs at each level,

In all the above deseribed arrangements there
is provided within the conversion vessel a plu-
rality of vertical spaced apart gas collecting
members, each of which members are adapted to
define a gas space which shielded from gravity
flow of contact material from the column thereof
and open along their bottoms so as to communi-
cate with the column of contact material. A dis-
engaging surface is formed along the underside
of each collecting member. When the rate of
gas flow is low this surface may correspond to
the V-shaped surface 98 formed under each
trough 90 in Figure 8. The exact slope of the
surface depends in such a case on the angle of
repose of the particular contact material in-
volved and may vary for clay-type catalysts from
about 25 to 40 degrees. However, for relatively
high rates of gas disengagement, the scope of the
disengaging surface may flatten out and the sur-
face may even rise a short distance under the
collecting member as indicated along dotted line
99 in Figure 2. It has
ment of solids cannot be satisfactorily limited if
the disengaging surface is permitted to rise more
than about 3 inches under the usual collecting
troughs. Preferably the operation should be con-
trolled so that the solid level does not rise more
than about one inch under the gas collecting
members,
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Also it has been discovered that when gas col-
lecting members are positioned one above the
other within a column of downwardly moving
solid material, and gas from that portion of the
cclumn above said members is collected under
sa’'d members, then for most operstions gas may
be disengaged and collected under the owermost
level of collecting members at a higher rate than
it can be disengaged and collected under mem-
bers thereabove for the same amount disengag-
ing surface buildup under all the collectors. In
other words, gas may be col’ected under the
lowermost collectors without entrainment of con-
tact material at a higher rate than it can from
any collectors above the lowermost collectors in
each vertical row thereof. Furthermore it hag
been found that unless the collecting members
in any vertica! row are spaced further apart than
a certain critical vertical distance the disen-
gaging capacity of any collector above the lower--
most collector falls off very sharply. This may
be best demonstrated by reference to Figure 9
which is a graphical representation of data gb-
tained on a trough arrangement similar to that
shown in Figure 8 in which each trough measured
atout 6 inches in width, and 6%, inches in height,
of which height about 5% inches was taken up by
the gable roof portion of the trough. In obtaining
this data the contact material employed was g
epherical catalyst of about fo-inch diameter and
having a density of about 45 pounds per cubic
foot. The 1ate of gas disengagement was at the
maximum capacity of the collecting troughs. In
Figure 9, line A represents the lowermost col-
lecting trough and it will be noted that the dis-
engaging capacity of the lowermost trough is
substantially constant and independent of the
spacing of the next trough thereabove. Line B
represents the trough next above or any trough
above the lowermost trough in a vertical series
and it may be noted that when the spacing is
such that the distance between the base of the
upper trough and the base of the gable roof of
the trough next below in this example is less
than about 11% inches the capatity of the upper
trough drops off critically and rapidly, On the
other hand when the spacing is increased above
about 11% inches no substantial change in the
capacity of the upper collecting trough may be
realized. For the particular trough arrangement
represented by Figure 9, in order to insure satis-
factory operation of any troughs above the lower-
most trough, it is important that the vertical
Spacing of the troughs shou'd be at least greater )
than a certain critical value, in the case of the
example given above about 1115 inches. The
critical spacing value has been found to vary for
different trough or collecting cup sizes and con-
It
has been found that for any given application
the collecting members should be so spaced that
the distance between the base of a given member
and the highest level a'ong the member next
below at which its horizontal cross-sectional areg
is at the maximum is greater than the distance
between said highest level along the member next
below at which its hor 'zontal cross-sectional area
is at the maximum and the point of convergence
above said member hext below of converging
lines drawn upwardly at opposite ang'es with the
horizontal substantially equal to the angle of in-
ternal flow of said contact material from points
Dositioned at 180 degrees with respect to each
other on the periphery of said member next below
at said highest level of maximum horizontal area,
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For example, in the troughs shown in Flgure 6,

the highest level of maximum horizontal area
along any lower trough corresponds to the level
of the base of the gable roof of the trough. Dotted
lines 100 and 10f are drawn upwardly from oppo-
site sides of the lower trough at the level of the
base of its gable roof, at opposite angles with the
horizontal equal to the characteristic angle of in-
ternal flow of the contact material involved. It
will be noted that the point of convergence 102
of lines 100 and 1C{ is below the base of the upper
trough. In the case of conical cups such as are
shown in Figure 5, the highest level of maximum
horizontal cross-sectional area is obviously the
base of the cup. The angle of internal flow of
contact material may best be determined by fill-
_ing a flat bottomed container of large diameter
with contact material and withdrawing contact
material from the bottom of the container
through a small central outlet while observing
the average angle with the horizontal formed at
the interphase between particles flowing down-
wardly towards the outlet and the fringe of par-
ticles which are substantially stagnant as re-
gards flow. In general the angle of internal flow
for most granular pelleted and spherical cata-
lysts of clay or gel and of the size range about 4
to 60 mesh by Standard Tyler screen analysis has
been found to fall within the range about 67 to 78
degrees and on the average about 75 degrees.
The above required vertical spacing arrange-
ment for gas collecting troughs is the broadest
aspect of the instant invention. It may be ex-

pressed, if desired, in a simpler form as follows: -

the vertical 'distance between the base of a given
gas collecting member and the highest level of
meximum horizontal projected area along the

collecting member next below said given member:

should be greater than the vertical distance d,
where

d =-g—7X tangent b

in which W is the maximum width of the coi-
jecting member which is below said given mem-
ber and where b is the characteristic angle of
internal flow of the particular contact material
involved. It has been found preferable that the
vertical spacing specified above should be greater
than d by an amount at least equal to

?

létan [
where W’ is the width of the upper given collect-
ing member at its base and c is the normal angle
of repose of the particular contact material in-
volved. In other words for the best operation,
- the vertical distance between the base of a gas
collecting member D and the highest level of
maximum horizontal projected area along a sec-
ond collecting member F below D should be either

equal to or at least as great as

W, w
d ‘=?t311 b+7tan c

or where the members are of the same construc-
tion

da’ =%(tan b+tan ¢)

Since for most hydrocarbon conversion processes
the contact materials used have an average angle
of internal flow of about 75° and an average angle

of repose of about 30°, it may be said that for
" such processes the vertical distance between the
base of a gable roofed trough or cup and the base
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10 :
of the gable-roof on a similar trough or cup
therebelow should be equal to or at least as great
as the produect of about 2.1 times maximum width
of the troughs or cups.

It will be noted from Figure 9 that even when
the gas collecting members in concurrent flow
gas-solid contacting vessels are properly spaced
as discussed hereinabove, still the disengaging
capacity of the upper collecting members is some-
what below that of the lowermost members. Be-
cause of this and also in orde: to overcome the
additional gas flow resistance offered by the col-
umn of contact material between the uppermost
level of collectors and lower levels of collectors,
the rate of gas withdrawal from under the col-
lectors at any given level should be independently
controlled. This may be accomplished in the ar-
rangement shown in Figure 8 by means of valves
84 and 95 on manifolds 92 and 93 respectively.
On the other hand in the arrangement shown
in Figure 2, the orifices 82 in tubes 80 should be
progressively greater in size at each successive
level of troughs in a downward direction and the
size of such orifices should be so proportioned
as to adjust the rate of gas withdrawal from all
the collectors at all levels such as will be con-
sistent with substantially uniform and equally
efficient disengaging conditions at all levels.
Thus for the particular trough arrangement, and
contact material involved in Figure 9, the gas
flow from all troughs above the lowermost troughs -

' should be only sbout 90% of what it is from the

lowermost troughs. It will be apparent from the
above that the expression “substantially uniform
disengaging conditions” as used herein in de-
scribing and claiming the invention is not in-
tended to mean that the gas flow is equal in
amount but that the efficiency of the disengage-
ment without solid entrainment is substantially
uniform for all the levels of gas collectors. The
total number of gas collecting troughs and the
number in each vertical row of troughs will, of
course, depend upon the particular operational
application involved.

The method and apparatus of this invention
meay be employed in a wide variety of processes
involving contact of gas with a column of parti-
cle-form solid material. The invention is partic-
ularly applicable to catalytic processes for the
cracking conversion of liquid .or vaporous hydro-
carbon charges or both. In general such hydro-
carbon conversion operations are conducted un-
der temperatures within the range about 800° F.
to 1100° F.,, the higher temperatures being em-
ployed for llquid charging stocks. Low pressures
of the order of 5 to 30 pounds per square inch
are generally employed in the conversion zone
for cracking conversions. The oil charge space
velocity may vary from about 0.3 to 10.0 volumes
of oil (measured as liquid at 60° ¥.) per hour per
volume of catalyst column within the reaction
zone. The catalyst to oil throughput ratio may

_vary within the range about 1 to 20 parts of cat-

alyst per part of oil by weight. In general the
reactant charge is preheated to a temperature of
the order of 600° F.—900° F'. and all or part of the
hesat required for the conversion may be carried
into the conversion zone in the catalyst.

It should be understood that the particular de-
tails of apparatus construction and of operation
and the examples of application of this invention
given hereinabove are intended as exemplary and
are not to be construed as limiting the scope of
this invention except as it may be limited by the
following claims.
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I claim:

1. A method for conversion of fluid hydrocar-
bons to lower boliing gaseeous hydrocarbons in
the presence of a moving particle-form contact
material - which method comprises: introducing
particle-form contact material into the upper
section of a confined, elongated conversion zone
at a suitable temperature for said hydrocarbon
conversion; passing said contact material down-
wardly through said zone as a substantially com-
pact column of downwardly flowing particles;
withdrawing used contact material from the
lower section of said zZone, introducing fluid hy-
drocarbons into the upper section of said con-
version zone; passing said fluid hydrocarbons
downwardly through the major portion of the
length of said column of contact material with-
In said conversion zone to effect conversion of
said hydrocarbons to lower boiling gaseous hy-
drocarbon products; bafiling the flow of contact
material in the lower section of said column at
a plurality of vertically spaced locations to pro-
vide a plurality of vertically spaced apart gas
collecting spaces /of equal width which are
shielded from grayity flow of contact material
from said column but open to said column along
their lower sides, said gas spaces being so verti-
cally spaced one from another that the open base
of any given gas space above the lowermost gas
collecting space is Positioned a greater vertical
distance above the highest horizontal plane of
maximum cross-sectional area across the gas
space next below than the distance, d, as ex-
pressed by the formula,

d= gf(tan b+tan ¢)

where W is the maximum width of said gas spaces,
b is the characteristic angle of internal flow of
said contact material, and ¢ is the angle of re-
Pose of said contact material; collecting said gas-
eous products in all of said gas collecting spaces,
withdrawing the gaseous products from said col-
lecting spaces as confined streams and imposing
a fixed throttle on the gas flowing from each
collecting space at the location of its exit from
the collecting space, the throttle being progres-
sively less for flow from Successively lower col-
lecting spaces.

2. An apparatus for conversion of fluid ny-
drocarbons in the bresence of a particle-form
contact material which comprises in combina-
tion: means defining a conversion vessel adapted
to confine gaseous material and a column of con-
tact material; means to introduce particle-form
contact material into the upper section of said
vessel; means to withdraw contact material from
the lower section thereof; means to introduce
fluid hydrocarbons into the upper section of said
vessel; a plurality of inverted gas collecting cups
Positioned within the lower section of said vessel,

ing horizonta] dimensions which are in all di-
rections relatively smail as compared with the
corresponding dimensions of said vessel, gas
withdrawal tubes registering with the under sides
of said cups, said tubes having orifices therein
establishing communication between the tubes
and . cups at the points of registry, said orifices
being progressively larger for cups at succes-
sively lower levels.

3. An apparatus for conversion of fluid hy-
drocarbons in the ‘presence of a particle-form
contact material which comprises in combina-
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tion: means defining a conversion vessel adapted
to confine gaseous material and a column of
contact material; means to introduce particle-
form contact material into the upper section of
said vessel; means to withdraw contact mate-
rial from the lower section thereof; means to
introduce fluid hydrocarbons into the upper sec-
Jon of said vessel; a plurality of horizontally
spaced vertical rows of inverted horizontally ex-
tending, vertically spaced gas connecting troughs
Positioned within the lower section of said vessel.
the uppermost troughg being spaced a substan-
tial vertical distance below said fluid hydrocar-
bon inlet means so as to provide space for a
substantial vertical length of column between
said hydrocarbon inlet means and the uppermost
troughs, a plurality of collecting tubes af least
one tube extending upwardly through each
trough in each vertical row of troughs. each of
said tubes being closed in its upper end and be-
ing perforated to provide communication be-
tween the interior thereof and the space below
each trough through which it Passes, the perfo-
ration area in said tubes below said troughs be-
ing progressively greater below the troughs at.
successively lower levels; and means to with-
draw gas from said collecting tubes; wherein
said troughs are so vertically spaced that the
vertical distance between the base of any given
trough in any vertical row and the highest level
of maximum horizontal projected area along the
trough next below in that vertical row is at least
equal to the product of the sum of the tangent
of the angle of internal flow of the contact ma-
terial introduced into said vessel and the tangent
of the angle of repose of said contact material
times one half the maximum width of said
troughs,

4. An apparatus for conversion of fluid hy-
drocarbons in the Dresence of a particle-form
contact material which comprises in combina-
tion: means defining a conversion vessel adapted

‘to confine gaseous material and a column of

contact material; means to introduce particle-
form contact material into the upper section

introduce fluid hydrocarbons into said vessel;
a plurality of inverted gas collecting cups within
the lower section of said vessel, said cups being
arranged in a plurality of horizontally spaced
.vertical series of vertically spaced cups, the up-
bermost of said cups being spaced g substantial
vertical distance below said means to introduce’
fluid hydrocarbons and a plurality of vertical
tubes, one tube passing through each cup in each
vertical series of cups, each of said tubes being
closed on its upper end and having orifices there-
in to provide communication between the interior
thereof and the interior of each cup through
which it passes, the size of said orfices being
Drogressively greater under the cups at succes-
sively lower levels; means to withdraw gas from
said tubes. ‘

5. An apparatus for gas solid contacting which
comprises in combination: a closed, Substantially
vertical contacting vessel; means to introduce
particle-form contact material into the upper

upper section of said vessel;
er section of said vessel above the level of said
means for contact material withdrawal a ply-
vertical rows of ver-
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tically spaced apart gas collecting members, each
adapted to define gas collecting space from which
gravity flow of solid material is shielded and
which is open on its bottom, said gas collecting
members in each vertical row being vertically
spaced apart in such a manner that the vertical
distance between the hase of a given collecting
member and the highest level of maximum hori-

2,459,006 \

zontal projected area along the collecting mem- .

ber next below said given member is at least
equal to 2.1 times the maximum width of said
collecting members, a plurality of vertically
spaced tubes within the lower section of said
vessel, at least one tube passing through each
collecting member in each vertical row thereof,
orifices in said tubes underneath each trough, the
orifices being of progressively greater total area
under successively lower troughs, and means to
withdraw the gas from at least one end of said
tubes while excluding solid material from flow-
ing into the tubes.

6. An apparatus for conversion of fluid hy-
drocarbons in the presence of & particle-form
contact material which comprises in combina-
tion: means defining a conversion vessel adapted
to confine gaseous matérial and a column of con-
tact material; means to introduce particle-form
contact material into the upper section of said
vessel; means to withdraw contact material from
the lower section thereof; means to introduce
fluid hydrocarbons into said vessel; a plurality
of inverted gas collecting cups within the lower
section of said vessel, said cups being arranged
in a plurality of horizontally spaced vertical se-
ries of vertically spaced cups, said cups being
substantially equal in size and having upwardly
sloping roofs and said cups in any vertical series
being so spaced that the vertical distance be-
tween the base of a given cup and the highest
level along the cup next below at which its hori-
zontal dimensions are at the maximum is at least
equal to about 2.1 times the maximum horizontal
dimension of said cup next below, a plurality of
vertical tubes, one tube passing through each
cup in each vertical series of cups, each of said
tubes being closed on its upper end and being
perforated to provide communication between
the interior thereof and the interior of each cup
through which it passes; the perforations in each
tube being progressively greater in size at the
level of each successive cup in a downward di-
rection, and means to pass gas from said tubes
to a location outside of said vessel.

7. A method for conversion of fluid hydro-
carbons to lower boiling gaseous hydrocarbons
in the presence of a moving particle-form con-

- tact material which method comprises: intro-

ducing particle-form contact material into the
upper section of a confined, elongated conversion
zone at a suitable temperature for said hydro-
carbon conversion; passing said contact mate-
rial downwardly through said Zone as a substan-
tially compact column of downwardly flowing
particles; withdrawing used contact material
from the lower section of said zone; introducing
heated fluid hydrocarbons into the upper section
of said zone, passing said fluid hydrocarbons
downwardly within said column to effect their
conversion to gaseous hydrocarbon products;
collecting said gaseous products in the lower sec-
tion of said column in g plurality of vertically
spaced, superposed, equal, shielded gas collecting
spaces which are open at their lower ends to said
column of contact material, any two vertically
adjacent gas collecting spaces being so spaced
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that the lower end of the upper space is spaced
8 vertical distance above the highest level across
the lower space at which its horizontal width is
at a maximum, which vertical distance is greater
than the product of one half the maximum hori-
zontal width of said lower space times the tan-
gent of the angle of internal flow of said contact
material; and withdrawing gaseous products
from said gas collecting spaces while independ-
ently imposing fixed throttles within said con-
version zone on the gas flow from the spaces at
each Jevel, the fixed throtties being progressively
lIess on the flow from collecting spaces at suc-
cessively lower levels so as to maintain substan-
tially uniform gas disengaging conditions under
all the collecting spaces.

8. A method for conversion of fluid hydro-
carbons to lower boiling gaseous hydrocarbons
in the presence of a moving particle-form con-
tact material which method comprises: intro-
ducing particle-form contact material into the
upper section of a confined, elongated conversion
zone at a suitable temperature for said hydro-
carbon conversion; passing said contact mate-
rial downwardly through said zone as g substan-
tially compact column of downwardly flowing
particles; withdrawing used contact material
from the lower section of said zone; introducing
fluid hydrocarbons into the upper section of
said zone, passing said fluid hydrocarbons down-
wardly within said column to effect their con-
version to gaseous hydrocarbon products; col-
lecting said gaseous products in the lower section
of said column in a plurality of shielded gas col-
lecting spaces which are all positioned s sub-
stantial distance below the level of sald hydro-
carbon introduction and which are open at their

Jower ends to said column of contact material,

each of said gas collecting spaces having maxi-
mum horizontal dimensions in all directions
amounting to only a small fraction of the cor-
responding horizontal dimensions of said column,
said gas collecting spaces being arranged in the
lower section of said column in a plurality of
horizontally spaced vertical series of vertically
spaced collecting spaces, any two vertically ad-
jacent gas collecting spaces in any given vertieal
ceries being so spaced that the lower end of the
upper space is spaced a vertical distance above
the highest level across the lower space at which
its horizontal width is at a maximum, which
vertical distance is greater than the product of
one half the maximum horizontal width of said
lower space times the tangent of the angle of

5 internal flow of said contact material; and with-

drawing gaseous products from said gas collect-
ing spaces while maintaining within said con-
version zone g fixed restriction to the gas flow
from the spaces at each level, said restriction
being progressively less to the flow from each suc-
cessively lower level of collecting spaces so as to
maintain substantially uniform gas disengaging
conditions under all the collecting spaces.

8. A -method for conversion of  fluid hydro-
carbons to lower boiling gaseous hydrocarbons in
the presence of a moving particle-form contact
material which method comprises: introducing
particle-form contact material into the upper
section of a confined, elongated conversion Zone
at a suitable temperature for said hydrocarbon
conversion; passing said contact material down-
wardly through said zone as.a substantially com-

- Pact column of downwardly flowing particles;

5

withdrawing used contact material from the
lower section of said zone; introducing heated

e 3
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fluid hydrocarbons into the upper section of safd
zone, passing said fluid hydrocarbons downwardly
within said column to effect their conversion to
gaseous hydrocarbon products; collecting said
gaseous. products in the lower section of said
column in a plurality of horizontally spaced
vertical series of vertically spaced gas collect-
ing spaces which are open along their bottoms to
said column of contact material, said plurality
of vertical series being uniformly distributed
over the horizontal cross sectional area of the
lower section of said column and the uppermost
collecting spaces being positioned within said
column a substantial distance below the level of
said fluid hydrocarbon introduction into said
zone, and each of said gas collecting spaces hav-
ing a maximum horizontal dimension in any
direction amounting to only g small fraction of
e corresponding horizontal dimension of said
column, any two adjacent gas collecting spaces
in any one of said vertical series being so verti-
cally spaced one from another that the vertical
distance between the lower extremity of one col-
lecting space and the highest horizontal plane
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of maximum cross-sectional ares across the gas
space next below is greater than that distance
corresponding to the tangent of the angle of in-
ternal flow of said contact materia} times one
‘half the maximum width of the lower gas collect-
ing space, flowing sald gaseous products through
a confined passage from within each of said col-
lecting spaces to a locatfon outside of said con-
version zone and imposing a fixed restriction on
the gas flow within each collecting space at the
point of entry to said confined passage, the re-
striction being progressively less tnder collect-
ing spaces at successively lower levels, '
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“gel” insert type; column 11, line 3, claim 1, for “boliin

g gaseeous” read boiling
gaseous; column 12, line 10, claim 3, for “connecting” read co ecting; line 61, claim
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