http://ww. Pat ent Gopher. com

March 4, 1947. M. H. ARVESON

2,416,730

.

MULTI-STAGE HYDROCARBON CONVERSION SYSTEM

Filed Feb, 27, 1942

Pepencralionr Gases .

ra ——-

28
. | wEGENERATOR -
SECONDARY REACTOR

< 4o

PRIMARY REACTOR

3 Sheets-Sheet 1

FRACTIONATOR

| 498
ZS
37 =
i
il
rrz || JS |47
> - — &5
\ |
L ) Jl
/ l/!z)zlsn“z'o_n!
HEATER. 42 || Gasolirze
A2 ' ' 1 ) — ]i“
C'Ka-r = . :
S 42 o
i =4 — 2 ﬁ?z/ue/lzlar)



http://ww. Pat ent Gopher.com

v

March 4, 1947. | M. H. ARVESON - 2,416,730
' . MULTI-STAGE HYDROGARBON CONVERSION SYSTEM
Filed Feb. 27, 1942 3 Sheeis-Sheet 2

J -

Regerteraiion Gases
7

25

REGENERATOR.

COOLER -
REACTOR
FRACTIONATOR.

= |
F \L;

Aviation
Gasolirze

,ﬁazzemi‘or}
MaureceH Arveson
7eg

o rrey




http://vww. Pat ent Gopher. com

March 4, 1947, M. H. ARVESON 2,416,730
MULTI-STAGE HYDROCARBON CONVERSION SYSTEM
Filed Feb. 27, 1942 3 Sheets—Sheet 3

Reperrer: aZ‘zozz Gases
D

é o
| CYCLONE SEPARATOR

A

LREGENERATOR.

RASTEHEAT:
BOILER
‘ e
- S56Cc
—=— -
SHeamrz |
~Z0 ¢
L /5
Tz,
27
2/ 154 z3
“ 24 b : A z 7', Jé"a/
25 t‘eam
v Azr
<66 -_— tar
_II_/_IDE’7Z£C77/'

Mearer¢ce X Armesor

ﬂﬂ@%/q




http://ww. Pat ent Gopher. com

Patented Mar. 4, 1947

ration of Indiana .

This invention relates to multi-stage hydro-

carbon éonversion systems and it pertains more

- particularly to g two-stage system for the manu-

facture of aviation gasoline from hydrocarbons
of the heavy naphtha to light gas oil boiling
range by means of a ﬂuid-type catalytic con-
version system.

A fluid-type catalytic conversion system is one
in: which g powdered catalyst effects conversion
while suspended in a gas or vapor stream. The
catalyst is then separated from reaction gases
and vapors, stripped with an inert gas such as

" steam, and suspended in- a gas mixture for re-

generation. The regenerated catalyst is then
separated from regeneration gases and resus-
pended in the original gas or vapor stream for
effecting further conversion. My invention re-
lates to an improvement in this fluid-type cata-
Iytic conversion system wherein the powdered
catalyst effects conversion in two separate zones
at different temperature levels, the freshly re-
generated catalyst being used at the lower tem-

~ transfer properties of the catalyst before such’

10

15

perature level to treat products produced at a -

higher temperature level with another portion of
the catalyst:

The activity of catalysts for effecting variousv

types of conversion depends not only on the type
of catalyst employed and the relative freshness
of the catalyst but depends also on the temper-
ature at which conversion is effected. If a cata-

"lyst of the silica-alumina type is employed for

the catalytic cracking of heavy naphtha or light
gas oil at temperatures of the general order of
800 to 1000° F. the resulting products may be so
olefinic and so low in octane number that they
do not meet the stringent specifications of avia-
tion fuel. If the products from this cracking
step are subsequently treated with freshly re-
generated catalyst at a temperature of the gen-
eral order of 500 to 700° F. the catalyst evidently
performs a different function and tends to effect
polymerization, isomerization and perhaps a
transfer of hydrogen from naphthenes to olefins
so that the properties of the gasoline are remark-
ably improved and such products are made avail-

able for use as aviation fuel. An object of my
invention is to provide improved methods and
means for utilizing the same catalyst for effect-
ing this secondary treating as is used for effect-
ing the primary catalytic eracking. ‘A further
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‘zone at high temperature.
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properties have been impaired by the contact of

hydrocarbons with catalyst at high temperature.
A further object is to provide a new and im-

proved combinationr of regeneration, catalyst

cooling and low temperature freating steps

whereby the cooled catalyst (which has hereto-
fore been directly recycled to the regeneration

zone for temperature control) may serve the ad-"

ditional function of increasing the paraffinicity
and quality of eracked products before said cata-
lyst is returned to the regeneration zone for ef-
fecting temperature control. A further object is

‘to ‘provide new and improved combinations of

conversion chambers and heat exchange appa-
ratus with the regeneration chamber.

tary system wherein the catalyst effects conver-
sion in the secondary zone at low temperature
and then effects primary conversion in another
Other objects will
be apparent as the detailed description of the

Ainvention proceeds.

In practicing my invention I cool regenerated
catalyst to a temperature of the general order of
550 to 750° F., for.example about 650° F. and uti-
lize this cooled and freshly regenerated catalyst
for a low temperature treating step. This step
reduces the olefin content and increases the
leaded antiknock value of products produced in
a catalytic cracking step. . In some embodiments
of my invention the catalyst which has been used
for effecting this low temperature treating is
then separated from the final conversion prod-
ucts, heated to a temperature of the general or-
der of 750 to 1000° F. and employed in a cata-

lytic cracking zone to which the heavy naphtha -

or light gas o0il vapors are charged. . The low

. temperature treating step conditions the catalyst
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object 1. to provide improved methods and means

for utilizing the heat of regeneration for supply-
ing at least a part of the heat requirements for
the cracking stage. A further object is to utilize
the isomerizing, polymerizing and hydrogen

1

so that coke formation and charging stock
degradation in this cracking step is reduced to a
minimum. The primary reaction products from
this cracking step are then passed to the lower

temperature treating step and the spent catalyst

from the cracking step is regenerated prior to its
further use in the low temperature treating step.

A feature of the invention is the utilization of
the heat of regeneration for effecting conversion

A fur- -
ther object is to provide a new and improved uni-.

in the cracking step.. I may transfer heat from-

the freshly regenerated catalyst to the catalyst
leaving the low temperature treating zone so that
this last-named catalyst is heated to a tempera-
ture of the general order of 850 to 950° F. before
it is dispersed in the incoming charging stock
vapors. . The. freshly regenerated catalyst is thus
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- boiler, and

cooléd to e temperature of the gemeral order of
550 to 750° ¥. before it meets the products from
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oxides may also be included in the composition.

- My invention is not limited to the use of any

the primary cracking step for effecting the sec~

ondary isomerization treatment. If the prod-

ucts leaving the primary conversion step con-~:.

tain components which might condense under
the conditions of the treating step such com-
ponents may be removed therefrom and only the,
lighter hydrocarbons passed to the secondary
lower temperature treating step.

By this stage-countercurrent process wherein -

the catalyst passes from a low temperature to
a high temperature zone and products pass from
a high temperature to a low temperature zone a
gasoline may be obtained which is characterized
by a much lower acid heat and a much higher
leaded octane number for g given yleld than in

any single stage or multi-stage process hereto-'

fore known to the art. ,
Instead of transferring heat from freshly re-
generated catalyst to catalyst leaving the low
temperature treating zone I may cool a portion
of the regenerated catalyst to the desired low
temperature in a heat exchanger or waste heat
boiler of the type heretofore employed for ob-
taining temperature control in the regenerator.
Instead of recycling this cool regenerated catalyst

_ directly back to the regenerator, however, I may

introduce the cooled catalyst into the low tem-
perature treating zone. The catalyst leaving this
low temperature tresting zone may either be re-
turned directly to the regenerator for absorbing
heat of regeneration-or it may be admixed with
hot catalyst from the regeneration zone for ob-
taining the desited temperature conditions in the
cracking zone.

The invention will be more clearly understood
from the following detailed description of specific
examples of my invention read in conjunction

. with the accompanying drawings which form &

part of the specification and in which:

.Figure 1 is a schematic flow diagram of a stage-
countercurrent system for the production of avia-
tion gasoline, ’

Pigure 2 is & schematic flow diagram of a sémi-
countercurrent system employing a waste heat

Figure 3 is a schematic flow diagram illustrat-
ing a still different arrangement of conversion
zones with the catalyst cooling and regeneration
zones. -

For catalytic cracking, I prefer to employ cat~

alyst of the silica-alumina type. One example of
such catalyst is acid treated montmerillonite clay
commonly marketed as Super Filtrol. Another
example is a synthetic catalyst consisting essen-

_ tially of activated silica with aluming either with

'or without additional metal oxides or fluosilicates.
Such a catalyst may be prepared by ball milling
silica hydrogel with alumina using about 2 to
309, for example about 15%, of alumina. The
ball milled dough may be dried at a temperature
‘of about 240° F'. and then activated by heating to
a temperature of about 900 to 1000° F. ~Anecther
method of preparing a highly active cracking cat-
alyst is to form a gel from dilute sodium silicate

‘in the presence of an aluminum salt by the addi-

tion of excess dilute sulfuric acid. The resulting
gel is boiled for an hour or two with an excess of
ammonium hydroxide solution before washing,
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particular catalyst and since no invention is
claimed in the catalyst per se a further degcrip-

- tion thereof is unnecessary.

In these specific examples the catalyst is in pow-
dered form with & particle size of about 10 to 100
microns. The invention is applicable to other
catalyst sizes provided only that the catalyst be
of such size and density that it may be aerated
and handled as & fluid in the manner herein de-
geribed. ‘The bulk density of such catalyst which
has settled for 5 or 10 minutes will usually range
from 30 to 45 pounds per cubic foot. With slight
aeration, i. e., with gas or vapor velocities of about
.05 to'.5 feet per second, the bulk density of this
catalyst is about 25 to 35 pounds per cubic foot -
and under such conditions the catalyst is referred
to as “aerated catalyst.” With vapor velocities
of about 1 to 2 or 3 feet per second the bulk
density of such catalyst may.-be from 10 to 25

‘pounds per cubic foot. It is at such gas or vapor

velocities that the powdered catalyst is main-
tained in the dense turbulent suspended catalyst
phase which has been found most satisfactory for
effecting cracking, treating and regeneration.
With higher and higher vapor velocities the bulk
density becomes less and less. In zones above

‘the level of dense phase catalyst in cracking,

treating or regeneration Zones, the average bulk

" density of catalyst is usually less than 1 pound
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per cubic foot and at such conditions the catalyst
is said to'be in the dilute, light or dispersed phase.
This dilute phase may contain only about 50
grains or less of catalyst material per cubic foot.
The charging stock for my process may be a
heavy naphtha or light gas oil, i. e., a hydrocar-
bon boiling within the approximate range of 300
to 650° F.; a preferred boiling range is about
350 to 550° F. but the end point may be as high
as '700° P. or even higher. Instead of virgin

" charging stock I may employ cracked stocks or
. the so-called cycle stocks, i. e., hydrocarbons
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after which it is dried and heated as in the previ-

ous example. The silica~alumina catalyst may
be rendered more stable at high temperatures by
the addition thereto of zirconia or aluminuin fluo-

silicate. Thoria, beryllium oxide or other metal -

which have been produced in a previous thermal
or catalytic conversion system. Also, I may em-
ploy hydrocarbons produced by the hydrogena-
tion of carbonaceous materials or by the synthesis
of carbon monoxide with hydrogen (the so-called
Pischer process) or from any other source.

This charging stock is passed from source {0
by pump I{ through coils 12 of pipe still {3
which may be fired to give a temperature in trans-
fer line i4 (after the addition of hot catalyst)
within the approximate range of 750 to 950° F.,
for example sbout 825° F. Catalyst from stand-
pipe §5 is introduced into transfer line i4 in
amounts regulated by valve {6 in such amounts
as to give a catalyst-to-oil weight ratio of about
1:1 to 16:1 for example about 5:1. The catalyst
thus suspended in the charging stock stream is
introduced at the base of primary reactor or

cracking chamber (7T which may operate at

slightly superatmospheric pressure, i. e., from
about atmospheric to about 50 pounds per square
inch. The size and diameter of chamber 17
should be such as to produce & vertical vapor ve-
locity therein of about 1 to 2 or 3 feet per sec-
ond and to give a weight space velocity of about
1 to 5, for example about 2 weight units of oil
charged to the reactor per hour per weight unit
of catalyst maintained in the reactor. The cat-
alyst holding time in the reactor may range from
about 10 seconds to 10 minutes. ‘The temper-
ature in the reactor will be substantially the
same throughout all parts thereof and should be
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within the approximate range of 750 to 9825° F.,
for example about 825° F.. Catalyst settles out
of the vapors which leave the top of the dense
turbulent phase in the enlarged upper part of
cracking chamber 1T and the primary reaction
vapors are taken overhead through line 13.
Catalyst is withdrawn from the dense phase in
the reactor through stripping zone {9, which is
supplied with stripping steam through line 20,
and thence through standpipe 21 which is aerated
by steam introduced through line 22. Catalyst is
discharged from the base of this standpipe

8,416,780

emplified for instance by heat exchangers ds-

. 'scribed in ‘my copending application Serial

10

through valve 23 to line 24 and is carried by air

"introduced by line 28 to regenerator 26 which

18 similar to cracking chamber 17 but consider-
ably larger in size. For example, the diameter
of the regenerator may be about half again as
great as the diameter of chamber {7 and the
regenerator may be twice as high as the cracking
chamber. Air introduced through line 27 burns
carbonaceous deposits from the catalyst while
the catalyst is maintained in dense phase turbu-
lent suspension. The temperature in the regen-
erator should be maintained within safe limits
usually not higher than about 1050° ¥. and may,
for example, be about 1000° F. although safe lim-
its will, of course, depend upon the particular cat-
alyst employed. Where a large amount of car-

bonaceous deposit must be burned from the cat-

alyst, means may be employed for removing ex-
cess heat of regeneration. Heat exchange coils
may be mounted in the regenerator itself or cat-

alyst may be recycled from the regenerator to a

cooler and thence back to the regenerator.

The regeneration gases which leave the dense
turbulent suspended catalyst phase pass through
the -enlarged upper zone of the regenerator so
that any entrained catalyst particles may settle
back to the suspended catalyst phasé. The gases

- are then removed through line 28 through suit-

able waste heat boilers or other devices for re-
covering available energy. Filters, scrubbers,
electrostatic precipitators or any other commer-
cial meahs may be employed for recovering the
last traces of catalyst from the regeneration

gases and this recovered catalyst may be returned

to the regenerator together with make-up cat-
alyst by any suitable injection means (not
shown). The amount of catalyst in the regen-
erator or in a conversion zone may be readily
determined by the pressure differential between
the bottom and top thereof and make-up cat-
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372,518) so that the transfer line temperature in
line 34 is within the approximate range of 500
to 700°, for example about 600 to 650° ¥F. The
catalyst-to-oil weight ratic in transfer line 34
may be approximately the same as in transfer
line 14, 1. e., about 5:1 or within the approximate
range of 1:1 to 10:1. The size and diameter of
chamber 3§ should be such as to produce a ver-
tical vapor. velocity therein of about 1 to 2 or 3
feet per second and to give a weight space ve-
locity within the approximate range of about 1 -
to 10, for example about 2 weight units of oil
charged to the reactor per hour per weight unit
of catalyst material maintained in the reactor,
The catalyst holding time in reactor 385 may
range from about 10 seconds to about 10 min.
utes. The temperature in this reactor will be

‘substantially the same throughout all parts there-

of and should be within the approximate range
of 500 to 700° F., for example about 625° F. '

Catalyst settles out of the vapors which leave
the top of the dense turbulent phase in the en-
larged upper part of chamber 35 and the second-
ary reaction vapors are taken overhead through
line 40 to fractionation system schematically 1llus-
trated by fractionating tower 41. A heavy frac-
tion which may contain catalyst particles is
withdrawn through line 42 and may be recycled
to pump 1. This fraction may contain all com-
ponents boiling above 300° F. and may consti-
tute slightly more than half of the original
charge. . )

The butanes and lighter gases may be taken
overhead through line 44, through cooler 45 to re~
ceiver 46 from which propanes and lighter gases
are vented through line 47 and the C: hydrocar-
bons which are not required for reflux are with-
drawn through line 48. In actual practice, of
course, separate towers will be employed for the

~ separation of cycle oil from gasoline, for the sta-

alyst should be added from time to time tomain~-

tain 'a substantially constant catalyst inventory
in the system,
Regenerated catalyst is withdrawn from the

dense phase in regenerator 26 through stripping -

zone 29, which is supplied with stripping steam
through line 30, and’ thence through standpipe
31, which is aerated by steam introduced through
line 32. Catalyst is discharged from the base of

60

this standpipe through valve 83 to line 34 and -

Is carried to secondary reactor or treating cham-
‘ber 35 by the conversion products which leave pri-
mary reactor I7T through lines 18 and 36. If
these products contain any hydrocarbons which
might condense a{ the temperatures and pres-

sures prevailing in reactor 35 they may be by- -

passed. through cooler 37 to separator -38, the
higher boiling components being withdrawn from
the system or recycled to pump 11 through line
39 and the uncondensed vapors passing through

line 40 back to line 36.

The catalyst in standpipe 3! may be cooled
by heat exchanger of any desired type (as ex-

70

bilization of the gasoline, and perhaps for the
separation of Cs from lighter hydrocarbons but
since the fractionation system per se forms no
part of my invention it will not be described in
further detail. . )

In the above system the catalyst leaving the
base of standpipe 31 is cooled to about 650° F. and
the catalyst leaving the base of standpipe 5 is -
heated to a temperature of about 850° F. to 950°
P. This heat exchange may be effected by pass-~
ing a heat transfer medium such as mercury, a
molten metal, a fused salt mixture or.the like up-
wardly through or around standpipe 31 in conduit
49 so that it reaches the temperature of almost
1000° F. This hot heat transfer agent is then
passed by insulated line $0 to the base of stand-
pipe 15 and is then passed upwardly through or
around this standpipe in conduit 51 so that it
leaves the top of the standpipe and enters pipe
52 at a temperature of about 650° F. The heat
transfer agent is circulated in this closed system
by means of pump 53. It should be understood,
however, that instead of employing a heat trans-
fer agent as hereinabove described I may effect
the countercurrent heat exchange by any other
known method whether the catalyst is in dense
phase or is carried as a dilute phase in a high
velocity gaseous medium.,

It will thus be seen that in the system illus-
trated in Figure 1 the freshly regenerated cata-

~ lyst is cooled to about 500 to 700° ¥. and contacted

5

with cracked products in a secondary conversion
zone, then heated to a temperature of about 750
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1 7 o .
to 950° F. and contacted with charging stock .

vapors in the primary conversion zone, the prod-
‘ucts from the primary conversion zone serving as.
:charging stock for the secondary conversion zone.
“The over-all catalyst-to-oil weight ratio in these

conversion steps may be within the general vicin-

1ty of 5 or within the approximate range of 1 to 10. -
‘The over-all welght space velocity may be about
14 to 2 or more pounds of charging stock per hour
‘per pound of -catalyst 'material in the combined

‘conversion zones at any instant.  The catalyst
residence time-weight space velocity relationship

i for equal conversion in the combined zones may

. be expressed as follows:

Weight space velocity =

b
(residence time in minutes)’

534

where b is a constant which with comparatively

fresh catalyst lies within the approximate range
of about .8 to 8 and may be for example about 4.

| The weight space velocity is based on total cata-
" lyst in both zones and the residence time is the
. sum of the residence times in the two zones. The

greatei the relative conversion which is effected

1000° P. and the catalyst introduced from stand-

- pipe 80 Is about 650° F., I may obtain a tempera-

ture of about 825° F. in the primary conversion

" zone by supplying about half of the catalyst there- ..

Al

10

16

to from each source. The over-all operating con- -
ditions in this example will be substantially the .
same as in the previous example and will require
no further detailed description. In fhis case as
in the previous.example, it Is fresh cooled re-
generated catalyst which is introduced into the
secondary reaction zone and catalyst from sthis

‘secondary reaction zone is then introduced into

the primary conversion zone before it is retu;né\d\
to the regenerator. Also the products leaving the
primary regeneration zone at high temperature
are passed immediately through the low tem-
perature conversion zone and contacted with -
tresh catalyst for effecting the further conver-

_sion, desired reduction in olefin content, and

20
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i in the low temperature zone, the lower will be -
the value of b. The higher the temperature in.

the conversion zones the higher will be the value -

of b. .
The amount of conversion which is effected in

30

the two zones may vary within relatively wide .

. lmits. Thus with an over-all weight catalyst-
| to-oil feed ratio of 5 sn over-all weight space

velocity of about 1 and an over-all residence time

. of about 10 minutes, I may employ a residence

time in each zone of about 5 minutes and & weight

space velocity in each zone of about 2. On the’

other hand, I may employ a weight space velocity
in the high temperature zone of about 1.1 and &
weight space velocity in the low temperature zone

of about 10 in which case the catalyst residence;
time in the high temperature zone will be about -
9 minutes while the catalyst residence time in the

low temperature zone will be about 1 minute.
The operating conditions will depend, of course,
on the specific catalyst employed, the nature of

isomerization of the desired aviation fuel. e
In Figure 3 I have shown still another embodi-
ment of the invention wherein secondary reactor
35e is superimposed above primary reactor (Ta
but in this case the regenerated catalyst for the
secondary reactor is withdrawn through stand-
pipe 3la, picked up by air introduced through line
61 and conveyed at high velocity through heat
exchanger or waste heat boiler §6a. for reducing -
the temperature of the catalyst to a temperature
of the order of 500 to 700° F., for exampie about

'625° F..and the catalyst is then discharged by
line.62 into cyclone separator 63 from the base

. of which ecatalyst is introduced into the second-

135
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ary reactor through line §1a, in amounts regu-
lated by valve 58a. The separation in the cyclone
separator need not be- particularly efficient be-
cause the conveyor gas and suspended catalyst
particles are returned by line €4 to the base of
regenerator 26a¢. In this case the catalyst for
the primary conversion zoné is picked up by’
charging stock vapors from the base of standpipe
31b and the charging stock is introduced at a suf-

ficiently low temperature so that the catalyst sus-

the particular charging stock and the particular -

conversion which is to be effected.

Referring now to Figure 2, I may mount the
secondary reactor 38’ immediately above the pri-:
mary reactor 11’ so that the reaction product
gases leaving the top of the primary reactor pass
directly through a suitable grating or distributor
54 into the base of the secondary reactor. In
this case catalyst is withdrawn from the upper
part of the regenerator through conduit &5,
through a cooler or waste heat boiler 56 and is
then introduced through conduit 57 directly into

50
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the secondary reactor 35’. The flow of catalyst .

into the reactor may be controlled by valve 58
and an geration gas may be introduced through

line 58. 'This aeration gas may also serve as a

stripping medium to remove oxygen from the re-
generated catalyst stream. . Cooler 56 may con-
sist of a waste heat boiler for the generation of
steam or any desired heat éxchange fluid may be
utilized for cooling the downwardly flowing cata-

: lyst to a temperature of about 500 to 700° F.

In Figure 2 catalyst is transferred from the

* dense phase in secondary reactor 35’ through

standpipe 60 directly to the dense phase in pri-
mary reactor i1’. Additional catalyst for this
primary conversion zone is introduced from
standpipe 31 through transfer line (4. Since the

", catalyst introduced from standpipe 31 is at about

60
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pension in line l4a will be at a temperature of
750 to 950° F. for example about 825° F. The
catalyst in standpipe 31b may be cooled by charg-
ing stock prior to the injection of the catalyst
jinto charging stock vapors. Alternatively, the
catalyst may be injected into line (4a by means
of steam and the charging stock may be intro-
duced while it is at least partially in liquid form
so that the contained heat of the catalyst may
effect vaporization of at least a portion of the
charging stock as well as bringing the vapors to
primary reaction temperature. It should be stat-
ed that steam may be employed in both conver-
sion processes and the vapor velocities therein
may be regulated by varying the amounts of -
steam introduced. '

-Tn the embodiment shown in Figure 3 the cat-
alyst removed from the secondary conversion zone
through standpipe 15q is picked up by air intro-
duced through line 65 and returned through line -
66 directly to the regenerator. It will be noted
that the cooled catalyst has served the addi--
tional function of effecting the reaction in the

* secondary reaction zone for regulating the tem-

70

76

perature therein.. If desired, a part of the cooled
catalyst may be returned directly to the regener-
ator through by-pass line 67 so that temperature
control in the regenerator may be effected and

‘the desired conversion conditions may be main-

tained in the secondary conversion zone by sim-
ply regulating the total amount of catalyst which -
is passed through the cooler and the amounts of
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catalyst passing through lines §1a and 64 respec-
tively.

While I have described preferred examples
of my invention it should be understood that
the invention is not limited to any of the par-
ticular arrangements or operating conditions
hereinabove described since many modifications
of this system and many alternative operating
conditions will be apparent to those skilled in the
art from the above detailed description.

I claim:

1. The method of converting a hydrocarbon
charging stock having a boiling range within the
approximate limits of 300° F. to 700° P. into sub-
stantial yields of a gasoline fraction of low acid

-heat and low olefin content suitable for use in

aviation engines which method comprises con-
tacting said charging stock with a powdered
cracking catalyst in a primary reaction zone at
a temperature within the approximate range of

750 to 950° F., passing catalyst from said primary

reaction zone to a regeneration zone and regen-
erating said catalyst in said regeneration zone,
withdrawing regenerated catalyst from said re-
generation zone to a cooling zone to lower the
temperature of said withdrawn catalyst to a tem-
perature within the approximate range of 500 to
750° F., contacting products from said primary
reaction zone with said cooled catalyst in a sec-
ondary reaction zone, removing catalyst from
the secondary reaction zone, heating said removed
catalyst, introducing the heated catalyst into said
primary reaction zone before returning it to the
regeneration zone, and-fractionating the products
leaving the secondary reaction zone to obtain a
gasoline fraction and lighter and heavier frac-
tions respectively.

2. The method of operating a multi-stage con-
version system employing powdered -catalyst
which method comprises contacting a charging
stock with suspended powdered catalyst first in
a primary high temperature stage and then in
a secondary low temperature stage, regenerating
catalyst which has become partially spent in said
primary stage by said high temperature contact-
ing step, cooling freshly regenerated catalyst,
passing freshly regenerated catalyst from the
cooling step to said secondary stage, heating cat-
alyst from the sécondary stage, and introducing
catalyst from the heating step into said primary
stage.

3. In a fluld-type catalytic conversion system
wherein the charging stock is treated with cat-
alyst in at least two stages, the method of op-
eration which comprises passing a charging stock
first through a primary stage at a temperature
within the approximate range of 750 to 950° F.
and then through a secondary stage at a tem-
perature within the approximate range of 500 to
700° P., regenerating catalyst which has become
partially spent in said primary stage, cooling said
regenerated catalyst, introducing cooled regener-
ated catalyst into the secondary stage, introdue-
ing hot powdered catalyst into the primary stage
and effecting the cooling of the regenerated cat-
alyst by heat exchange with catalyst from the sec-
ondary stage. ‘

4. The method of claim 3 which includes the
further step of obtaining countercurrent heat
exchange between hot regenerated catalyst and
cool catalyst from the secondary stage.

5. The method of operating a multi-stage cat—
alytic conversion system of the fluid type which
method comprises regenerating = substantially
spent catalyst in a regeneration zone, passing one

‘10
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stream of hot regenerated catalyst from said re-
generation zone to a primary conversion zone,
passing another stream of freshly regenerated
catalyst from said regeneration zone to a cooling
zone, passing a part of said cooled regenerated
catalyst to a secondary conversion zone, return-
ing another part of the cooled regenerated cat-
alyst directly from the cooling zone to the re-
genceration zone for maintaining the temperature
thereof within safe limits, and passing a charging
stock first through said primary conversion Zone
and then through said secondary conversion zone.

6. The method of making a gasoline of low
acid heat and low olefin content which meth-
od comprises contacting a heavier-than-gasoline
hydrocarbon charging stock with a finely divided
solid cracking catalyst while maintaining said
catalyst suspended in charging stock vapors in a
first contacting zone under conditions for effect-

20 ing catalytic cracking of said charging stock, sep-~
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arating the products from the bulk of ‘the cat-
alyst, regenerating the separated catalyst by the
combustion of carbonaceous material therefrom
at a temperature higher than the temperature
maintained in the first contacting zone, separat-
ing regenerated catalyst from regeneration gases,
cooling at least & part of the regenerated cat-
alyst to & temperature substantially lower than
the temperature maintained in said first contact-
ing zone, contacting said cooled regenerated cat-
alyst with gasiform hydrocarbons removed from
sald first contacting zone by passing said gasiform
hydrocarbons upwardly in a second contacting
zone through a mass of said cooled catalyst at
a rate to maintain said cooled catalyst in dense
phase suspension and under conditions for de-
creasing the olefin content of the hydrocarbons in
said gasiform stream, separating catalyst from
the gasiform stream in the second contacting
zone, heating said separated catalyst and intro-
ducing said heated catalyst into said first con-

- tacting zone.

7. The method of operating & multi-stage cat-
alytic conversion system of the fluid type which
method comprises regenerating substantially
spent catalyst in a regeneration zone, passing one
stream of hot regenerated catalyst from sald re-
generation zone to a primary conversion zone,
passing another stream of freshly regenerated
catalyst from said regeneration zone to a cooling-
zone and thence to a secondary conversion Zzone,
passing a charging stock first through said pri-
mary conversion zone and then through said
secondary conversion zone, and introducing cat-
alyst directly from the secondary conversion zone
to the primary conversion zone for maintaining
the desired temperature level therein.

MAURICE H. ARVESON.
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