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Process Corporation, Wilmington, Del., a cor-

poration of Delaware
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1

Our invention relates to a hydrocarbon con-
version system and has particular reference to a
method of and apparatus for at least substan-
tially preventing deposition of carbonaceous
material on one or more mechanical parts ex-
tending into an atomizing zone forming a part
of said system.

More particularly, our invention relates to a
hydrocarhon conversion system wherein at least
a substantial portion of the gravitating contact
material is controlled for movement as a freely
falling curtain or stream of contact material
having tubular configuration. The atomizer is
disposed in the lower area of a zone located with-
in said tubular curtain and this zone is defined
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by a housing adapted to exclude atomized mate- -

rial therefrom. In accordance with the inven-
tion, one or more annular streams of vapors is
or are passed through said housing and directed
downwardly in sweeping relation with respect
thereto so as to substantially prevent deposition
of migrating atomized material thereon.

Various other objects and advantages of our
invention will become apparent from the follow-
ing detailed description.

Our invention resides in the method of and
apparatus for minimizing deposition of carbon-
aceous material in an atomizing zone, features.
and arrangements of the character hereinafter
described and claimed.

For an understanding of our invention and for
an illustration of one form of apparatus with
which the invention may be practiced, reference
is to be had to the accompanying drawings, in
which:

Fig. 1 is a vertical sectional view, partly in
elevation, showing a conversion housing and
associated apparatus as constructed in accord-
ance with one form of the invention;

Fig. 2 is a vertical sectional view, partly in
elevation, showing an atomizer;

Fig. 3 is a horizontal sectional view, partly in
plan, taken on the line 3—3 of Fig. 2;

g, 4 is an enlarged vertical sectional view,
partly in elevation, showing the apparatus of the
invention; and

Fig. 5 is an inverted plan view looking from the
line 5—35 of Fig. 4.

In an application of Reuben T. Savage, Serial
No. 766,714, filed August 6, 1947, there is disclosed’
a hydrocarbon conversion process - involving -
utilization of an arrangement for engaging
atomized liguid hydrocarbon material with a
freely falling stream or curtain of contact mate-
rial. For purposes of explanation as regards our
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2
invention, we have included in this application
a general disclosure of the subject matter illus-
trated and described in the aforesaid Savage
application.

Thus, referring particularly to Fig. 1, we have
shown a vertical housing { which, in horizontal
cross section, may be circular or of any other
suitable configuration. The housing i defines a
reaction zone wherein hydrocarbon material is
cracked or otherwise converted in the presence
of contact material C which moves downwardly
therethrough under the influence of gravity, the
contact material C being introduced into said
housing | in suitable manner, as by an inlet pipe
2 extending through the top housing wall at the
center thereof.

A shallow receptacle-like member 3 may be
suitably supported in the upper portion of the
housing f, said member 3 having a cenfral dis-
charge pipe 4 opening therethrough and extend-
ing downwardly therefrom. If desired, the lower
end of the pipe 4 may have a frusto-conical pipe
5 suitably secured thereto, as by a flange-and-
bolt connection 6. With an arrangement of this
character, the lower end of the pipe 5 has diam-
eter somewhat greater than that of the lower end
of the pipe 4. Obviously, the pipes 4 and 5 may
be replaced by a single pipe having desired
uniform diameter throughout the length thereof.

Disposed interiorly of said discharge pipe 5,
immediately adjacent the lower end thereof, is
a frusto-conical member 1, the lower surface of
which, preferably but not necessarily, is posi-
tioned in the same horizontal plane as the lower
surface of the pipe 5, said conical member 7 be-
ing suitably supported in the position shown, as by
a plurality of bars 8 secured thereto and to said
pipe 5. The external diameter of the Iower surface
of the conical member 7 is suitably less than the
internal diameter of the lower surface of the
pipe 5 and, accordingly, these two surfaces define
an annular passage 9 utilizable as hereinafter
described.  The pipe 5 and the conical member
T should be symmetrically related to each other
and, if so, the width of the annular passage 9

-is uniform throughout the circular length thereof.

Preferably, the arrangement is such that the
exterior sloping surface of the conical member
1 forms with the interior sloping surface of the
pipe b a path which diverges in a direction lead-
ing upwardly from the aforesaid annular pas-
sage 9.

A pipe 10, adapted to be traversed by hydro-
carbon material, which is either partially or en-

56 tirely in the liquid phase, extends from the ex-
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terior of the housing {1 to the interior thereof and,
if desired, this pipe 10 may enter the aforesaid
pipe 5 at any suitable level and pass downwardly
therethrough: in coincidence with-the longitudinal

axis thereof..
the aforesaid conical member 7 to which it is

welded or otherwise suitably secured in sealed re~
lation and terminates a suitable distance below

said conical member T wherg it communicates:

with and supports an atomizér A of any suitable
type which, as herein illustrated, is of the general
character disclosed in the pending application of

James E. Evans, Serial No. 756,032, filed June: 20,

1947, although, if desired, the atomizer A -may be
of the character disclosed in the pending applica-
tion of Reuben T. Savage, Serial No. 792,810,
filed December 19, 1947. A pipe {1 adapted to be

traversed by hydrocarbon vapors extends frony

the exterior of the housing | to the interior
thereof and, preferably, this pipe Il is positioned
at o higher level thar the aforesaid pipe (0.

As- shown, theé pipe 4, the pipe 5§, the conical
member T and the atomizer A should be so related
to- each: other that their respective longitudinal
axes are in coincidence- with each other and also
with the longitudinal axis of the housing I,

In operation, regenerated or other heated con-
tact material G having suitable reaction tempera-
ture passes continuously from the pipe 2 and, to
suitable extent, fills the receptacle 3 which defines
an upper zone of the housing I. From the re-
ceptacle 3 the contact material gravitates down-
wardly through: the pipe: 4, the pipe 5 and then
through the annular passage 9 which, as herein-
after more fully described, has width such that it
restricts or controls' the downward flow of con-

tact materiagl under the influence of gravity while:

moving along the deseribed path above the plane
of the annular passage 9. Below the plane of said
annular passage 9, the contact material falls
freely under the influence of gravity as a tubular
curtain or stream'S, which is'not necessarily circu~
lar in horizontal section, until it comes to rest

upon and at Teast partly defires the upper surface

of the bed B of gravitating contact material which
defines the reactiont zone proper, the bottom sur-
face of the bed of contact matena] engaging 4
tube sheet, not slown, which is Horizontally dis-
posed ifr ttie housinig I and suitably secured to the
interior surface thereof. As the c¢ohtact material
falls freely below the plafie Of the annular pas-
sage 9, it is engaged by liquid hydrocarbon ma-
terial after atomlza,tlon thereof by the aforesaid
atomizer A which, as shown in Flg 4, is supported
mtenorly of the tubular curtain S by the afore-
said pipe 0.

In view of the foregomg, 1t clearly appears that
the atomizer A is dlsposed in a chamber D of the
housing 1, said chamber D being bounded, at its
lower end, by the zone defined by the upper str-
face of the bed B and, at its upper end, by the
aforesaid zone defined by the receptacle- 3.

If desired, a plurality of pipes {2 may be spaced
uniformly around the interior surface of the
housing I. The upper ends of these pipes {2 com-
municate with the chamber defined by the mem-
ber 3, which may support said pipes, and the lower
ends thereof terminate at the upper surface of the
aforesaid bed of contact material, said pipes {2
being adapted fo be traversed by a portion, pref-
erably a minor portion, as 20% more or less of the
total amount of contact material gravitating
through the housing 1. The pipes [2, when
utilized, contributes as regards maintenance of

If s6, the pipe 1§ passes through'

[~
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the surface of the bed B at a level approximately
that of the lower ends of said pipes.

As stated, the bed B of contact material gravi-
tates through the housing | and any suitable
knowh ox oflier arrdngement; not shown; rmay be
utilized for discharging the spent contact ma-
terial from the housing | for passage through a
discharge pipe 3. Likewise, any suitable known
or other arrangement, not shown, may ke pro-
vided for disengaging cracked or converted vapors
from the contact material C so that they may pass
through an outlet pipe 4.

Referring particularly to Figs. 2, 3 and 4, the
atomizer A heréinbefore referred to should be one
which' preduces fog, mist, spray or other liquid
particles- having suitable dimensions from the
lquid hydrocarbon material admitted thereto. As
showm, the atomizer A comprises a casing 15 hav-
ing a top wall i6 through: which the lower end of
the aforesaid pipe 10 opens and to which said
pipe is secured. The casing I5 has a lower wall
11 above which said casing (5 comprises vertical
and horizontal circular plate portions 15« and (5
related. to each other in right-angle relation. In
the form of atomizer herein shown, although not
necessarily, a row of ports or passages f5¢c open
through the respective casing portions 5z and
15b, these ports 15¢ being alined in sets. Hydro-
carbon material admitted by the pipe 10 to the
casing 15 passes to and.through each of said ports
i8c. The atomizer A is disposed interiorly of the
tubular curtain S a suitable distance below the
annular passage 9 and, preferably, said atomizer
A is so positioned that its rows of ports 15¢, or
equivalent are concentrically related to the
curtain 8.

When hydrocarbon material is to be cracked in
the housing i, the contact material C hereinbe-

. fore referred to should be catalytic in character

and the temperature thereof, upon admission to
the housing i, should range betwen 800° F. and
1000° F. or higher for example, about 900° F. Any
suitable kind of catalytic contact material may

. thus be utilized such, for example, as activated
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clay pellets, or synthetic silica-alumina pellets or
beads, etc. having suitable major dimensions such
as between ¥ and 34 of an inch. Other suitable
catdlysts for cracking include synfhetic plural
oxide composites, silicious or non-silicious in
character and containing, for example, zirconia,
alumina or beryllia. In lieu of a cracking opera-
tion, other types of conversion operations such,
for examiple, as one wherein hydrocarbon mate-
rial of the character referred to below is desul-

' phurized: under known conditions with catalytic

contact material of the general character referred
to above, or équivalent. Or, reforming or dehy-
drogenation of ndphthas or other normal liquid
hydrocarbons may he effected in the presence of
the above or other desired types of catalyst, cer-
tain of which are well known in the art. In lien
of the conversion operations described above,
heavy hydrocarbon material may hbe vaporized

_and viscosity-broken in: the presence of inert
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contact material of suitable character such, for
example, as fused silica and alumina.

During operation with suitable cracking contact
material, vapors such, for example, as vaporized

. gas oil, naphtha or lighter hydrocarbons hav-
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ing suitable elevated temperature, as in a range
from 850° F\. to 950° F. are admitted continuously
to the housing | by way of the conduit 1{. Simul-
taneously, liquid hydrocarbon material such, for
example, as a suitable residual stock, topped or
reduced crude having temperature elevated into
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4 suitable range as, for example, from 400° F. to
800° F. is charged continuously through the pipe
10 under superatmospheric pressure ranging, for
example, from 10 1bs. to 200 los. per square inch
gauge or as otherwise may be required for causing
the atomized liquid material from the atomizer
A to engage and properly penetrate the contact
material forming the hereinbefore described fall- -
ing curtain S of contact material. The liquid
hydrocarbon material thus traversing the pipe 10
passes through the atomizer casing 15 and the
alined atomizer ports 15¢ of the respective sets
thereof are traversed, respectively, by streams of
hydrocarbon material which pass toward and en-
gage each other to produce resultant streams of
atomized material which, as a mist or fog, pass
downwardly in inclined relation and penetrate

the curtain S throughout a circumferentially com-

Dlete inner area thereof, Fig. 4.

As stated, hydrocarbon vapors, which in con-
nection with a cracking operation preferably have
temperature substantially higher than that of the
liquid hydrocarbon material admitted to the
atomizer A, are admitted to the housing 1 by
way of the pipe 11. These vapors pass through
the housing [, concurrently as regards the
contact material C and in the presence there-
of, are converted to cracked products. In so
doing, the heat content of these vapors assists
as regards vaporization of the liquid hydrocarbon
material entering said housing 1 through the
atomizer A and provides a desired control on the
space velocity of the entire charge traversing the
housing {. Simultaneously, in the manner de-
seribed above, atomized liquid hydrocarbon mate-
rial is engaged with the falling curtain S of con-
“tact material with resultant vaporization of such
atomized liquid material and formation of cracked
products while passing through the housing
concurrently as regards the contact material C.
As regards the total charge entering the housing
1, the ratio of vapors to liquid material may be
such as is suitable and desirable. Thus, for ex-
ample, between 10% and 30% of the charge may
be in the liquid phase for passage to the atomizer
A and the remainder in the vapor phase for pas-
sage through the pipe (1.

As particularly described in the aforesaid
Savage application, Serial No. 766,714, the thick-
ness of the curtain S and the density of the pieces
iof contact material forming said curtain are suffi-
cient to entirely or at least substantially prevent
passage therethrough of any of the atomized lig-
uid material which is produced and directed into
engagement therewith by the atomizer A. This
curtain, then, positively prevents or almost en-
tirely minimizes migration of atomized liquid ma-
terial to interior surfaces of the housing | and
the pipes 12 in the event that the latter are uti-
lized. Consequently, formation of carbonaceous
material on the metallic housing and pipe surfaces
is entirely or substantially prevented. This is
highly desirable by reason of the fact that, if there
is any substantial formation of carbonaceous ma-
terial in the locations stated, ehunks thereof sep-
arate from the main mass and move into and
through the bed B of contact material with re-
sultant partial or complete plugging of the out-
lets, not shown, at the bottom of the housing.
Should this happen to any substantial extent, if
is necessary for operation of the system to be dis-
continued for cleaning purposes and this, of
course, is undesirable.

In view of the foregoing, it will be understood
that hydrocarbon material admitted to the hous-
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ing | by way of the pipes 10 and {1 is converted
in the presence of the contact material C and, as
described in the aforesaid Savage application,
Serial No. 766,714, this hydrocarbon material
passes through the housing | in concurrent rela-
tion as regards the gravitating contact material
from which the cracked products are disengaged
and passed to any suitable destination by way of
the pipe 14. In known manner and by suitable
means, not shown, a suitable gaseous medium
such as steam is admitted to the lower portion of
the housing I, below the pipe 14 and under pres-
sure above that existing at the level thereof, to
prevent passage of hydrocarbon vapors through
the pipe 13. Simultaneously, spent contact ma-
terial leaves the housing { by way of the pipe
13 and, after regeneration, is returned to the
inlet pipe 2 for readmission to said housing I.

As stated above, it is a feature of the disclosed
process that the curtain S, at least to substantial .
extent, prevents migration of atomized liquid
material into engagement with the interior sur-
face of the housing 1. However, interiorly of.
said curtain S and as stated in the pending ap-
plication of Raymond C. Lassiat, ‘Serial No.
776,202, filed Setpember 26, 1947, there may be
migration of atomized liquid material as caused:
principally by the splashing effect which occurs
when the atomized liquid material engages the
interior curtain surface, such migration being
undesired for the reasons hereinafter stated. In.
accordance with the present invention, such un-
desired migration of atomized liguid material is-
effectively controlled, the desired result being ob-
tained in an improved manner compared with
the procedure described in the aforesaid Lassiat
application.

Thus, as shown particularly in Fig. 4, a frusto-
conical member 20 has its larger, upper end
welded or otherwise suitably secured, as at 21,
in sealed relation to the lower interior surface
of the conical member 7. Associated with the
frusto-conical member 20 is a lower frusto-con-
ical member 20a, the external diameter of the
lower member 20g¢ being slightly less than the
internal diameter of the upper member 20 with
resultant formation of an annular passags 22.
As shown, the extreme lower portion of the upper
member 20 overlaps the extreme upper portion
of the lower member 20a and, accordingly, the -
annular passage 22 faces downwardly more or
less in a vertical direction. - ' :

In accordance with our invention, frusto-con-
ical members 200, 20c and 28d are disposed, in .
the order named, below the frusto-conical mem-
ber 20a. The relation between each pair of
members 20a and 200, 20b and 20c, 20c and 204 -
is the same as described above with respect to
the members 20, 20a. Hence, in addition to the:
deseribed annular passage 22, the aforesaid pairs:
of frusto-conical members define successively
lower annular passages 22 having progressively
decreasing diameter.

Referring particularly to Fig. 4, the lowermost
frusto-conical member 20d forms with the ex-
terior surface of the atomizer casing {5 a lower
annular passage 23 which, the same as the other
annular passages 22, faces downwardly gener-
ally in a vertical direction.

In any suitable manner, the frusto-conical
members 20q, 200, 20c and 20d may be secured
in the relation described above and as shown in
Fig. 4. To this end, a plurality of spaced bars
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ok rods' 24 may be welded,- bolted: or otherwise
suitably secured to interior surfaces of the re-
spective: frusto~conical members to thereby form:
a unitary assembly.

As shown in: Figs. 1 and. 4, 2 pipe 25 extends
from the exterior of the housing. | to the interior
thereof where the inner end of said: pipe 25 opens
through the upper conical miember 1. In view
of. the previous description, it will be understood:
that the-assembly comprising the members. T, 20,
20a,. 205, 20¢ and 20d constitute a housing which
defines the boundary of a zone having the atom=-
iZzer A. disposed: in the lower area thereof, this:
zone being sealed. except for the passages 22, 23.

While: hydrocarbon material is undergoing
conversion in the housing: b as hereinbefore’ de~
seribed, suitable vapors are passed continuously’
by way of the pipe 25 into the aforesaid zone
under pressure exceeding that existing in the
chamber D’ of the housing {. These: vapors may
be of any suitable character such, for example,
as stesm which: may be:superheated to approxi-
mately 600° F. or higher, or hydroearbon vapors
such as those which are admitted to the housing
t by way of the conduit f1.

Resulting: from the operation described im-
mediately’ above, circumferentially complete
streams of vapors traverse the passages 22 and
thé passage 23 respectively, these passages be-
ing formed at different respective levels in the
lower boundary of the aforesaid zone. These
vapor streams are directed downwardly in gener-
ally a: vertical direction so that they sweep along
the porticn:of. the zone boundary below the memi-
ber 1 to thereby shield the latter from migrating
atomized material as hereinafter more particu-
larly described.

As. hereinbefore described, during a hydro-
carbon conversion.operation, streams: of atomized
liquid material pass downwardly in inclined. re~

lation and at high velocity from: the respective.

sets of alined atomizer ports I5e, substantially
all of this atomized liquid miaterial engaging the’
tubular curtain S through: cut a circumiferen~
tially complete inner area thereof. Particularly
by reason. of this high velocity condition, some
of this atomized liquid material;. either alone: or

having fines of the contact material entrained:

therein, migrates or tends to migrate upwardly
within' the area enclosed by the upper portion

of the tubular curtain S. However, due to the

presence of the housing or boundary defined by
the members 20, 20g, 20b;, 20c and: 20d, the
atomized liquid material last named is: prevented
from. migrating into the zone defined by said
members. In this manner, migrating atomniized
material is prevented: from reaching the atom-
izer casing and the vertical portion of the pipe
10: to thereby prevent formation thereon of a
carbonaceous deposit which: would adversely
affect operation of the system.

Tt will be understood, then; that in the absence-
of the aforesaid housing or boundary arrange-
ment comprising the members 20, 20a, 20b, 20c,
and 204, a part at least of any upwardly migrat-
ing atomized lquid- material would be: deposited.
on the upper portion of the atomizer casing | 5
and on the adjacent vertical portion of the pipe
10 with resultant production-of carbonaceous ma-
terial which, in the course of time; would. form
hanging or other adherent depos1ts of such car-
bonaceous material having sufficient length either -
to interfere with proper operation of the atomizer
or to break into chunks which would move into
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and. throtigh the bed B of contact material with
resultant development of a plugged condition at
the: bottem: of the housing . An operation of
this charaecter, of course, is undesired and is at
least substantially prevented, in accordance with
the invention, by utilization of the described
housing or boundary arrangement formed from
the members: 20, 20a, 20b, 20c and 20d which
function in the manner described to prevent for-

_mdtiorr of carbonaceous material on the metallic

parts disposed. within the zone defined thereby.
However, the formation of a carbonaceous de-
posit on the members last named would be dis-
advantageous for the reasons hereinbefore stated
and, therefore, it is necessary to prevent or sub-
stantially minimize formation of such a carbon-
aceous deposit thereon. It is for this reason that
the- hereinbefore described annular passages 22,
23 are provided. As stated, the respective vapor

streams: passing therefrom are directed down-

wardly in generally a vertical direction. They
engage the arrangement comprising the mem-
bers 28; 28¢, 280 etc. at different respective levels
where the vapor velocity is sufficient to effect
the desired shielding action. Thus, the vapor
streams: form a barrier around and immediately
adjacent the described members which effectively
prevents them from being engaged by migrating
atomized material. Consequently, little or no
carbonaceous material is formed thereon.

Of significance asiregards the foregoing is the
arnular passage 23 which is so positioned that
the stream of vapors flowing downwardly there-
through sweep the adjacent vertical surface of
the casing (5 to thereby substantially prevent
deposition thereon of any atomized liquid mate-
rial which tends-to migrate upwardly.

It shall be understood that the invention is
not to be limited to the particular housing or
boundary arrangement hereinbefore described.
Thus, for example, the desired sweeping action
may be effected under some circumstances by the
provision of a-single annular passage.

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

We clainr as eur invention:

t.. In the art of converting hydrocarbons in
the. presence of contact material having conver-
sionr temperature and adapted to gravitate
through a chamber as g tubular curtain of freely
falling contact material, the method which com-
prises: atomizing liguid hydrocarbon material in
the lower area-of a zone located within said cur-
tain- and having & boundary adapted to exclude
atomized material therefrom, directing a circum-
ferentially complsete stream: of the atomized ma-
teriak into engagement with the curtain contact -
material, passing vapors through an annual pas-
sage formed in the boundary of said zone, and
directing the annular stream of vapors down-
wardly in sweeping relation with- respect to the
boundary of said zone to thereby substantially
prevent deposition of migrating atomized mate-
rial thereon.

2. In the art.of converting hydrocarbons in the

.- presence of contact material having conversion
70 !

temperature and adapted to gravitate through a
chamber as a tubular curtain of freely falling
contact material, the method which comprises at-
omizing liquid hydrocarbon material therefrom,

. direcﬁihg. a circumfe‘zjenti’ally complete stream. of
46 the atomized material info engagement with the
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curtain contact material, passing vapors through
annular passages formed in the boundary of said
zone at different respective levels and having, re-
spectively, progressively decreasing diameter in a
downwardly extending direction, and directing
the annular streams of vapors downwardly in
sweeping relation with respect to the boundary
of said zone to thereby substantially prevent dep-
osition of migrating atomized material thereon.

3. In apparatus of the character described, a
conversion housing, means disposed interiorly
thereof and comprising inner and outer members
forming an annular metering passage adapted to
cause gravitating contact material to form a tu-
bular curtain of contact material freely falling be-
low said metering passage, an atomizer supported
interiorly of said curtain below said metering
passage, means enclosing a portion of said atom-
izer and forming a chamber with said inner
member, and means for passing vapors into said

10
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10
chamber, said second named means comprising
a plurality of frusto-conical members secured in
assembled relation to define a plurality of down-
wardly-facing annular passages.
REUBEN T. SAVAGE.
DWIGHT D. McKINNEY.
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