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This tnvention relates to the treatment of
gases and vapors with solld highly dispersed
powdered cdtalysts wherein the catalysis are

suspended in the vapors and subsequently sepa-

rated therefrom. Mors specifically, it relates to
the conversion of hydrocarbon oils with cata-

lysts, more particularly to the cracking of heavier-

hydrocarbon ofls and the eatalytic reforming of
gesoline and low knock rating naphtha by con-
tacting with powdered solid refractory catalysis
in the vapor phase for the production of high
knock rating gasoline.

An object of the invention is to facilitate the
handling and recovery of catalysts In powdered
catalyst treating systems where & part or all of
the finely divided catalyst 1s suspended in the
gases from which it is difficult to separate the
catalyst because of the high state of subdivision.

In catalytic processes heretofore it has been
very difficult to recover all the powdered catalyst
from vapors in which the catalyst 13 suspended.
In catalytic cracking, for example, it has been
especlally difficult to recover the catalyst com-
pletely from regeneration gases in a process
where the catalyst is regenerated &nd recycled
to the treating step. Large volumes of regener-
ation gases are required for the purpose and &8l-
though efiiclent cyclone separators and even

electrical precipitators have been employed in-

the recovery of the catalyst from the spent gases,
there has been an inevitable loss of catalyst,
more particularly the very finely divided portion
of the catalyst. The amount of loss occurring
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after separation .in a highly eficient cyclone -

separator may be of the order of 1 to 5% or even
more, per cycle, an amoun{ which greatly.in-
creases the catalyst cost in an operation where
large volumes of catalysts must be recycled to
the process. .

In the cracking of gas oll, for example, the
amount of catalyst which must be employed is
commonly about 2 to 3 times the weight of the
ofl treated. Only by efficient recovery of the
catalyst and recycling can the process be made
to operate economically and this is especially
true in the case of the more expensive synthetic
catalysts, for Instance, those of the silica-alu-
mina and silica-magnesia types. Likewise, in the
reforming of low knock rating naphthas with
chromium or molybdenum catalysts and particu-
larly with chromium oxide or molybdenum oxide
on alumina, generally in the presence af hydro-
gen, it is lmperative that a high recovery of
catalyst be obtalned. -

According to our process, we recover catalysts
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from the gases by employing catalysts which have
a high magnetic susceptibility and recover the

. catalysts by means of a magnetic separator to

which the gases and accompanylng catalyst are
subjected before discharging from the process.
The catalyst recovered in this way 1s especially
valuable In the process because of its unusually
fine state of subdivision which enhances its cata-
Iytic activity.

Our inventlon is fllustrated by drawings in
which Figure 1 shows a layout of a catalytic
cracking plant employing magnetic separators to
recover catalyst from the gases after the reaction
zone and also aiter the regeneration zone. Fig-
ure 2 shows a somewhat different form of the
catalytic cracking process In which magnetic
separation means are employed for recovering
catalyst from the spent regeneration gases. Fig-
ure 3 shows, on & larger scale, a cross section on
the line 3—3 taken through the magnetlc sepa-
rator shown in Figure 2.

Referring to Flgure 1, feed stock which may
be gas oll such as virgin Mid-Continent gas oil
is tntroduced by line 10 and pump 11 to pipe still
12 where it is heated and vaporized and dis-
charged through transfer line 13 to reaction
chamber 4. Powdered catalyst is added in a
regulated stream under pressure from supply 15
and line 16 to the oil stream elther before or
after the still 12. The amount of catalyst usu-
ally employed varies from about 0.5 to 10 parts
hy weight per part of ofl treated, although con-
siderably less catalyst may be employed, for
example, about 2 to 4 pounds per barrel of stock
treated may be used in some cases. Pressure to
force the fluid catalyst through line 16 may be
supplied by a screw pump, a ower or other pres-
suring device not shown.

In reaction zone {4, there is a tendency for the
catalyst to concentrate or accumulate as @ re-
sult of settling, thus increasing the amount of
eetalyst in contact with oil vapors and the time
of exposure of the catalyst to the oil, the catalyst
and oil leaving chamber |4 by line {T passing
through cyclone separator 18 and thence by line
18 to magnetic separator 20. Catalyst sepa-
rated out in separators 18 end 20 are conducted
by lines 21 and 22 respectively to catalyst stripper
23 where any hydrocarbon vapors remeining in
the catalyst are removed by a current of inert
gas such as steam, nitrogen, etc. The spent
stripping gas used for this purpose is withdrawn
by llne 24 leading to line (9. Vapors from, sepa- -
rator 20 are conducted by line 25 to fractionating
tower 26 wherein the converted Vapors are sepa-
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nwdmtolmlne,eycleoﬂandﬂxedxm the
gasoline and fixed gases being discharged by
line 27 while the heavier oils aré discharged by
line 28.

Apa.rtornllofthahuviu'olknhhmm ’
in this way may be further cracked in the process. .

by recycling or they may be used:for other pur-

poses, such as fuel oil or as charging stock or. -
in other catalytic or non-catq}yuc (thermal)",

conversion.

processes, .
In stripper 23 the catalyst ls freed’ of volatile:

10

hydrocarbon products by siripping with. a -cur- -

- Tent of inert gas such as for example stéam in-

. troduced by line 28. From the bottom of the
stripper the catalyst then passes by lines 38 and

3l to the regenerating rone 32 where non-vola-
tile carbonaceous deposits are removed from the
catalyst by combustion with oxyx-containlng
gas admitted by line 38, The regeneraiing gas
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spent regenerating gases. Spent regenerating
gases after passing through the magnetic fleld of

“separator 3% are discharged from the system by

line 42. A portion of these spent gases may be
recycled as diluent gases for mixing with oxygen
to provide thd regenerating gas supplled by

-line 1,

Figure 2 shows a modification ot our process
by which magnetic separation catalyst is applied
only to the {reatment of regeneration gases and
oil scrubbing is employed. to recover the catalyst
from the reaction stage of the process. Refer-
ring to Pigure 2, oil is introduced by line 68 to
heater 81 where it is heated o a converslon tem-
perature, for example, 800 to 1100° F., the hot
oll vapors leaving the heater through transfer
line 52 and vertical reaction chamber 63, The

 catalyst is admitted by line 54 and passes upward

may suitably be gir or more particularly: air

dlluted ‘with fue gas to control the oxygen con--
centration. Heat libernted may be remand by,

cooling coll $2—a,

‘Inasmuch as the activity of the cata.lyst will
not usually be completely spent in the reaction, a
part of the catalyst may be recycled without re-
generation, employing lines 34 and 35 for this
purpose, or hefore stripping by line not shown.
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through the reaction chamber with the oil va-
pors in the form of a fine suspension. It is pre-

- ferred to regulate the vapor velocity In chamber

53 to permit partial sedimentation or settling of

- the catalyst, thereby increasing the time during
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Regenerated catalyst suspended in regeneration

gases 1s conducted by line 36 to cyclone separator
37 where the bulk of the regenerated catalyst is
removed mechanically by gravity and by centrif-
ugal action and conducted by line 38 back to the
calalyst supply drum I{§. The gases still. carry-
ing some of the finer catalyst In suspension are
withdrawn from separator 37 by line 38 leading
to magnetic separator 39. Recovered catalyst
from the separator 1s passed by kne 40 to line 3%
for recycling to the system,
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In order to operate our process successfully it '

is essential that the catalyst be magnetic or con-
taln a magnetic substance such ag iron, nickel,
ete., completely distributed in the catalyst in such
& way that all particles are thereby rendered mag-
netic. Finely divided metallie Iron; such as re-
duced iron powder, fron particles, ete., may be
- used for the purpose, the lron mrticles belng
coated with the catalyst. Iron or nickel oxide
may be added to the catalyst and reduced to the
metallic form before entering magnetic separator
3%. In order to insure that the magnetic sub-
stance be in the metallid form before magnetic
separation, we prefer to conduct the regenera-

tion of the catalyst in a controlled amount of
. 0Xygen sufficient to {gnite and burn awsy a large
part of the carbon deposit on the catalyst but in-

sufficlent to oxidize the iron to a non-magnetic

oxide. Oxidation of iron to the form FexOu,
however, 15 not particularly objectionable because
the magnetic propertfes of this oxide cause it to
be aitracted by a magnetic field and removed
from the gases in separator 89, .

If oxidation of the cafalyst in regenerator n
is too extensive, reduction of the iron contained
therein may be effected by introducing a reduc.
ing gas such as hydrogen, methane, ethane, ethyl-
ene, etc., by line 41. Rapid reduction of the iron

takes place at the high temperature of the gases,
leaving the regenerating zone where regeneration’

is usually conducted at temperatures between 950
and 1200° F. It is only necessary to add sufn-
‘cient reducing gas to liné 41 to reduce that por-
" tlon of the iron in the catalyst which 1s assocl-

ated with the most finely divided catalyst parti-

cles, 1. e., those catalyst particles which have the

greatest tendency to escape the system with the.
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which the catalyst 1s exposed to the oil vapors.

Catalyst and vapors ars conducted by line 85
to cyclone separator 58 wherein a large part of
the catalyst, comprising the heavler particles, 1s
separated and withdrawn by line §1. Vapors and
remaining catalyst are passed by line 68 to frac-
tionating tower §9, equipped with bubble plates or
other contacting device, where they are subjected
to the refluxing action of reflux condensate con-
densed by coil §0 or pumped back as a spray to
more e¢ffectively scrub catalyst from the vapors.
Gasoline vapors and gases are conducted by line
§! to condenser 82 and receiver §3 from which
fixed gases are discharged by line 64 and gaso-
line is withdrawn by line §8.

Reflux condensate heavier than gasoline is
withdrawn from fractionator 59 by line §§ and
the catalyst may be recovered by settling or Al-
tration. A filfer 87 Is shown diagrammatically
in the drawing, the oil being discharged by line

_#8 and catalyst by line §3. An enclosed disc or

drum type fliter may be used for this purpose.
‘The oil js suitable for fue] purposes or ss a charg-
ing stock to a pyrolytic cracking process.,
The spent catalyst in line 8T and recovered
substantially oil-free catalyst in line €9, are con-

-veyed to.catalyst regenerator 10, The regener-

ator may consist of a successlon of colls or tubes
cooled by an alr bath, a fused salt bath, or other
temperature cooling means, the colls being con-
nected to a regeneration gas hesder 11, Regen-
eration gases containing oxygen, generally about
1 to 5%, are introduced Into the catalyst stream
passing through regenerator 70, the carbonaceous
matter being thereby removed from the catalyst
by combustion at temperatures generally within
the range of 800 to 1200° F. Higher temperatures
may be employed with certain catalysts, particu-
larly with the synthetic silica catalysts, tempera-
tures of 1400 to 1600° F, being sometimes perrais-
sible. Regenerating gases and hot catalyst in
suspension are conducted by line 72 fo cyclone
separator 13 where a large part, e. g., 75 to 90%,
of the catalyst 1s separated from the gases and
recycled to the hydrocarbon conversion system
by line 64. Reducing gas, such as hydrogen or
methane, may be introduced by line 78 to insure
reduction of iron or nickel or other magnetic
metal contained in the catalyst. Instead of re-
ducing the catalyst before entering separator 13,
we may add the reducing gas by line 75 to the
suspension of catalyst and regeneration gases
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aner sepuntlon of the xmdor part of the catalyst

mm?tor 13.

Clases' and remaining su:pended catalyst are
conducted by line 78 to magnetic separator 17,
The ustration 1s a cut-away view of this sepa-

rator showing & revolvable fron armature in &

confined space through which the gases are
passed. The catalyst separated on the dium is
removed by a scraper at the bottom and is con-
ducted by line 18 and pump 19 back to the con-
version system by line 54, Regeneration gases,
substantially free of catalyst, are discharged by
line 88,

Flgure 3 is a cross sectional view of the mas-
netic separator shown in Figure 2, taken through
mid-section at 3—3. Referring to ‘this figure, a
revolving iron armature 84 s surrounded by fleld
core 8i with sufficlent space between the arma-
ture and field core to permit the free passage of
gases, The armature may be magnetized by per-
manent magnets or by electromagnetic means.
Ag the catalyst collects on the surface of the
armature 84, 1t is carried by rotation to the bot-
tom of the armature where it is removed by
scraper 82 to trough 83 from which it may be
discharged by & suita.ble Berew conveyor or other
device, ‘

As indicated hereinabove, our. ‘process Ls ap-
plicable to those catalytic reactipns where pow-
dered catalysts having ferro-magnetic properties
are employed in highly dispersed form in gases
and vapors. Reactions such as the synthesis of
ammonia by catalytic reaction -of nitrogen and
hydrogen under high pressure, tl;le synthesis of
methanol from carbon oxides and hydrogen, the
synthesis of hydrocarbons from carbon monoxide
by the Pischer process, catalytic polymerization
of hydrocarbon geses a8 well as the catalytic
cracking of heavy hydrocarbon ofls to produce
gasoline may be consldered. . -

For the catalytic conversion of naphthas ‘and
heavy hydrocarbons, we may employ naturally
occurring siliceous materials such as the bentonite
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clays, fuller's earth, ete, sultably activated by .

chemical treatment such as treatment with acid
and with varfous promoeters. Where the mineral
" is not naturally ferromagnetic, 1t may be treated
with s relatively small amount, e, g,, 1 to 10%,
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of iron or nickel salt, iron oxide, etc., to confer -

the desired magnetic properties. More complete
dispersion of the magnetizing material on the
catalyst particles Is obtained by the use of salts,
for example, fron nitrate or nickel nitrate fol-
lowed by conversion to the oxide by heating or
to the hydroxide by precipitation with ammonia.

The oxide may subsequently be reduced at ele- .

" vated temperature by reducing gases such a8 hy-
drogen to the metallic form before t.he magnetic
 separation step.

In general, the gases hearing the suspended
catalyst wili be cooled In the process helow the
temperature at which the magn:tic metal asso-
ciated with the catalyst loses a substaniial

~smount of its magnetic susceptibility. - However,
where the gases are not already at a tempera-

. . ture below the point of serlous Joss of magnetic
susceptibility, we may employ additional means

- for cooling the gas stream before magnetic sep-
aration. Where iron is employed as the asso-
clated magnetic metal, the gas stream may enter
the magnetic separator at a higher temperature

. than in the case of most of the magnetic metals,

‘In the ease of synthetic catalyst such as silica
precipitated from sodium silicate solution, alu-

: minl. magnesia, zirconia, zinc oxide, etc iron or

#
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nickel or other magnetic elements may be dly-
tributed uniformly throughout the powdered
catalyst by coprecipitation from salt solutions, for
example, fron sulfate solution may be added with

“ acid to a dilute solutlon of sodium silicgte, em-

ploying sufficlent ecld to adjust the pH between
about 6 to 8. The hydrated silica precipitate
obtained in this way will contain iron uniformly
distributed throughout and be thereby rendered
maghetic when in the reduced condition a3 de-

" scribed in the performance of our process, Where

used in this application, the term “magnetic”
means ferromagnetic and not diamagnetic.
While -‘we have shown one form of magnetic

-separator various other forms will readily occur

to those skilled in the art and can be employed
without departing from our invention.

- The flow diagramas used to illustrate our inven-
tioh are highly simplified and it will be apperent -
to those skilled in the art that additional valves,
pumps, confrol devices,® heating and coollng
means, ete, can and should be employed. Fur-
ther, while we have described our invention in '
connection with certain {Iluatrative embodiments
thereof these are by way of example rather than
by way of limitation and we do not mean to be
restricted thereto but only to the scope of the
appended clalms.

Having thus described our invention, what we
claim is;

1. In the process of convertlns hydrocarbon
ofis by the action of, solid refractory siliceous
catalysts in finely divided form, wherein a cata-
Iyst contalning s magnetic element Is dispersed in
the ofl vapors, heated to conversion temperature
to effect the desired conversion, thereby con-
taminating the catalyst with carbonaceous de-
posits, separated from the ofl vapors, regenerated
by treatment with oxidizing regeneration gases
to remove carbonaceous deposits and thereafter
separated from sald regeneration gases and re-
eycled to the conversion step while still hot, the
improvement comprising separating the major
part of the regenerated catalyst from the spent
regeneration gases in an initial separation zone
by means of the difference in density between
the catelyst and the gases, and recovering addl-
tlonel catalyst from the regeneration gases by
passing regeneration gases from said initial aep-
aration zone into & zone containing a reducing
atmosphere, thep.through a magmetic field in
which the particies of catslyst are atmcted and
Hocculated.

2. The process of clalm 1 wherein the laid mag-
netic element 18 iron.

3. The process of clalm 1 wherein the sald mag-
netic element 1s nickel.

4. The process of claim'l wherein sald cata-

Iyst 15 an acid treated argillsceous earth im-

L]

pregnated with:metallic iron. -
$. In the process of converting hydrocarbon

" ofls by the action of solid refractory siliceous cata-
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lysts in finely divided form wherein a caialyst
containing & magnetic element is dispersed in the
oll vapors, heated to conversion temperafure to
effect the desired conversion, thereby contemi-
nating the catalysts with carbonacecus deposits,
separated from - the oil vapors, regenerated by
treatment with oxidizing regeneration gases to
remove carbonaceous deposits and thereatfter sep-
arated from sajd regeneration gases, the improve-

" ment comprising increasing the recovery of cata-

75

lyst powder from said wasie regeneration gases

"by subjecting the regenerated catalyst suspended

in aaid waste regeneration gases to the action of
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reducing gases thereby effecting conversion to the
metallic state of magnetic elements contalned in
sald catalyst and then passing sald regeneration
gases thru a magmetic fleld in which the par-

ticles of sadd cnt.alyst are nttracted and floccu-

Ieted. .
8. The process ot convertms hydrocarbon olls
comprising contacting the vapors of said olls at &

high conversion temperaturs above 800° P, witha .

suspension of finely divided highly dispersed éon-
tact catalyst having magnetic properties, separat-
ing the catalyst from said oil vapors by difference
in density, subjecting said catalyst in suspenalon
to the oxidizing action of dfluted air whereby car-
bonaceous depoaits are consumed and eliminated
“from sald catalyst, seperating & major portion of
the catalyst in suspension in said regeneration
gases by difference in density, separating substan-
tially all the remaining catalyst from sald ganses
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by treating them at elevated temperatures with go

. reducing gases, thereby incressing the magnetic
properties of the catalyst and thén passing the
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suspension of catalyst and gases thru a magnetic
fleld wherein catalyst particles are attracted and
recovered from sald gases,

7. In the process of conducting caialyzed re-
actions wherein g finely divided solid cetalyst
having magnetic properties is employed in the
reaction until itz activity becomes diminished by
contamination after which it s regenerated in
suspension in an oxidizing regeneration gas and
recovered from the regeneration gas, the improve-
ment comprising recovering catalyst from spent
regeneration gas by subjecting it to the actlon of
reducing gases while in suspension in said re-
generation gas, thereby eflecting conversion to
the metallic state of magnetic elements contained
in sald catalyst and thereafter recovering the
catalyst from sald gases by passing them through
a magnetic fleld in which the particles of cata-
lyst are attracted.

WILLARD G, ROESCH.
FRANEK Q. BR!
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