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This invention has to do with the refining
of petroleum hydrocarbons, and relates particu-
larly to an improved method whereby the hydro-
carbons may be subjected to conversion in the
presence of catalytic material, under: conditions
conducive to maximum effectiveness of the cata-
lyst and most extensive conversion of the hydro-
carbons.

The present method may be characterized as
one whereby the hydrocarbons first are heated

to atemperature at which the desired conver-

sion will take place in the presence of a particu-
lar catalyst or combination of catalysts, and va-
porized hydrocarbons then delivered to a con-
version zone wherein mixed liquid and vapor frac-
tions of the hydrocarbons are maintained in
intimate contact within a body of material con-
taining the catalyst. 'The temperature to which
the hydrocarbons are heated for treatment in

the conversion zone will depend upon, and be-.

come subject to variation in accordance with,
the particular catalyst used and the nature of

the conversion to be accomplished. Similarly,’

the pressures to be employed may vary for this
same reason. - I have found this method particu-
larly effective for.the conversion of the charg-
ing stock to high percentage yields of high-octane
motor fuels, by subjecting the charging stock
to an abnormally high degree of dissociation or
cracking to produce a high potential yield of
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compounds capable of conversion to condensible -

fractions, and polymerizing such compounds to
produce motor fuel characterized by its high
octane values and low sulphur and gsum content.
According to this method, therefore, the charg-
ing stock may first be heated to cracking tem-
perature before introducing the vapors to the
conversion zone, or to a temperature at which
cracking will occur in the conversion zone in
the presence of the catalyst.

The invention is concerned primarily with an
improved method for maintaining mixed liquid

cracking and polymerizing hydrocarbons. Ac-
cordingly, it will be understood that the inven-
tion broadly contemplates the use of any suit-
able catalyst of the type claimed, since the con-
ditions under which the hydrocarbons undergo-
ing conversion-are_maintained in contact there-
with, increase and maintain the efficiency of all
such catalysts as well as provide a most favor-
able relationship between them and the mixed
phase hydrocarbons  affected thereby. Certain
catalysts, or combinations of catalysts, may how-
ever be regarded as preferred. -

As illustrative, tHe catalyst employed may be
selected to accomplish any or a combination of
the following types of reactions or effects, all
of which are included under the general term
“conversion”; dehydrogenation, dissociation or
cracking, isomerization, -cyclization, alkylation
and polymerization. To accomplish dehydrogen- -
ation, catalysts such as chromic oxide, nickel
mixed with alumina (Alz03), alumina alone,
chromic oxide-phosphoric acid mixture, or phos- -
phori¢ acid on a carrier, may be employed as
the catalyst. The principal cracking catalyst is
aluminum chloride, although-some value is found
in certain metals such as aluminum, magnesium,
nickel, cobalt, copper and iron, and the metal
oxides. Reactions of isomerizatiori'may be -cat-
alyzed by chromic acid, aluminum, boron phos-
phate, and nickel mixed with alumina. Cata-
lysts for cyclization to change chain: hydrocar-

‘bons into ring hydrocarbons, include chromic

oxide, alumina at high temperatures, and metals
such as tin and lead. At present, the principal
alkylation catalysts appear to be sulphuric acid,

~aluminum chloride and phosphoric acid.
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and vapor fractions of the hydrocarbons in con-

tact with the catalytic material, independently
of the nature or composition of the catalyst, ex-
cepting however that the class of catalysts con-
templated and claimed herein are those that may
be termed a non-adsorptive type, or combination

45

. of non-adsorptive and adsorptive catalysts, since -

similar processes directed to the use of adsorp-
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tive materials are claimed in my copending ap-

plication Serial Number 306,345, flled Novem-

ber 27, 1939, on Cracking of light . petroleum
stocks, and another application Serial Number

306,346 filed November 27, 1939, on System for
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For purposes of distinction and general desig-
nation, the particular catalysts mentioned above:
may be termed non-adsorptive catalysts to dis-
tinguish them.from the' usual adsorptive ma-
terials such as fuller s earth, bauxite, Death Val-

ley and Muroc clays, hydrated aluminum  sili- -
cate, and activated clays inh-general.

Such ad-
sorptive materials are known and employed gen-
erally as polymerization catalysts (although -
other known polymerizing catalysts such as the

'metal chlorides, and oxides of chromium, molyb- *

denum, vanadium and titanium; ‘may be used).
Since the invention contemplates the use of a
combination of catalysts to obtain a single cata-
Iytic effect, or combination of catalytic effects,
as for example to induce both cracking and poly-
merization in the.same conversion zone, I may
employ any suitable .combination of non-adsorp-
tive and adsorptive catalysts, as designated above.
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Frequently, adsorptive clays are used as a base
or carrier for other catalysts. For example, ad-
sorbents of the fuller’s earth type may be im-
pregnated with other catalysts such as phos-
phoric or sulphuric acids, active salts such as
aluminum chloride, ferric chloride and zinc chlo-
ride, oxides of chromium, nickel and cobalt, and
metals including chromium, iron, nickel, cop-
per and aluminum.

Among the various possible comblnations of
catalysts that may be employed, the invention
contemplates particularly the use of a suitable
catalyst to promote cracking within the conver-
sion zone to produce a high yleld of low molecular
welght compounds reformable into the final prod-
uct, together with a polymerizing catalyst adapt-
ed to convert such lower molecular weight prod-
ucts of dissociation, into higher boiling hydro-
carbons within the motor fuel range.. For this
purpose, the catalytic material may comprise the
combination of a cracking catalyst such as alu-
minum chloride, and an adsorptive clay, the alu-

minum chloride acting to promote dissociation,

and the clay to polymerize the products of dis-
sociation to recoverable gasoline fractions. The
. use of aluminum chloride as the cracking cata-
lyst may also serve to considerably reduce the
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conversion zone temperature required for crack- -

ing.
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and to better advantage from the tollowing de-
tailed description of a typieal refining system in
which hydrocarbons are subjected to heating and
conversion in accordance with the general meth-
od outlined above. Reference is made to the ac-
companying drawing illustrating the system dia-
grammatically and in flow sheet form.

The charging stock to be subjected to heating
and conversion may be of any suitable type, al-
though I prefer generally to employ stocks with-
in the Kerosene distillate-gas oil range. The
charging stock may be discharged by pump (8
from line #{ through a suitable preheater 12 to-
coll 13 in a cracking still 14, wherein the hydro-
carbong are heated to a suitable conversion tem-
perature ranging generally between 800 to 1100°
F., under suitable pressure, for example 150 to
400 pounds per sq. in. Lower temperatures may
be employed where a particular cracking cata-
lyst in the conversion chamber is capable of ef-
fecting the desired degree of cracking at relative-
ly low temperatures. Where the charging stock
consists of lower boiling hydrocarbons, as for ex-
ample within the kerosene distillate range, the
heated hydrocarbons may be discharged from
the cracking still directly through line 15 to the
conversion chamber 8. Ordinarily, however, I
prefer to remove all unvaporized residue before
passage of the hydrocarbons into the conversion

The physical steps of the process involve first 30 chamber, as by first passing the heated or cracked

heating 'a suitable charging stock to cracking
temperature, or to a temperature suficiently high
that the desired conversion will take place in the
presence of the catalyst. After passage through
the heating zone, wherein thé charging stock may
be heated to the required initial temperature
either in liquid or vapor phase, the hydrocarbons

may be discharged directly into the conversion

zone, or first through a separating chamber for
the removal of any unvaporized residue. Prefer-
ably, the conversion zone comprises & vertically
extending chamber containing a stationary fo-
raminate body of the catalytic material, into
which the vapors are introduced so as to flow
upwardly within and in intimate contact with
the material. The vapors in the conversion zone
are subjected to partial condensation which,
within the broad contemplation of the invention,
may be accomplished by any suitable method, and
mixed liquid and vapor fractions of the hydro-
carbons are maintained in & state of continu-
ous admixture and washing agitation within the
body of catalytic material.

The principal advantages of the present meth-
od result from the conditions under which the
mixed hydrocarbon phases are maintained with-
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in the conversion rone. By virtue of their inti- .

mate contact and constant washing agitation
within the catalytic material, the liquid and va-
por hydrocarbons approach an equilibrium state
favoring the conversion reactions and at the same
time insuring thorough and intimate 'contact

with the catalysis. Simultaneously, the catalyst .

is conditioned for maximum and continued high
effectiveness by reason of the fact that residual

6o
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reaction products, such as high boiling polymers .

‘and other bodies of a contaminating character,
are constantly being washed out of the clay and

removed from the conversion zZone with the con-

. densate. 8o effective are these conditions that
it is found possible to obtain abnormally high
yields of recoverable gasoline distillate, and at
the same time maintain the catalytic material
in an efficient state over long periods of time.

k(]

hydrocarbons through line 1T to a separator 18,
from which the unvaporized residue is withdrawn
through line 19 and the separated vapors dis-
charged through line 20 to the conversion cham-
ber. If desired, the pressure on the heated hy-
drocarbons may be reduced in advance of the
conversion chamber by regulation of valves 21.
The conversion chamber 18 comprises & verti-
cally extending shell 22 containing a foraminate
body 23 of the previously described catalytic ma-
terial which may be placed above & bed of rela- .
‘tively coarse stone 24 within the bottom portion
of the chamber, Suitable provision may be made
for maintaining a predetermined minimum level
L—L’ of condensate within the conversion cham-
ber, as by the conventionally illustrated float con-
trol 2§ connected by linkage 28 with a valve 27

‘in the condensate outlet line 28 leading from

the bottom of the conversion chamber. The va-
pors are discharged through line 1§ into the con-
version chamber preferably at a location 29 be-
low what would be the static level I—L’ of con-
densate within the chamber. Consequently, the
vapor stream rising within the conversion cham-
ber constantly displaces the condensate upwardly
{from the accumulated body within the lower por-
tion of the chamber, with the result that mixed
liquid and vapor hydrocarbon fractions are main-

“tained in a state of washing agitation within a

large portion of the body of catalyst. Simultane-
ously, the hydrocarbons are undergoing conver-
sion, 1. e. both dissociation and polymerization,

- with resultant formation of heavy residual bodies,

These bodies however are constantly being washed
out of the catalytic material by the agitated con-

-densate, and are removed from the conversion

zone through the condensate outlet line 28, .
The conversion chamber {§ may be maintained

- at a temperature at which: the vapors will under-

go Dpartial condensation within the catalytic ma-

- terial, and particularly is this desirable where

partial condensation may not result from other

" conditions, such as delivery of the vapors directly

into & body of condensate within the lower por-

The invention will be understood more fully ¥ tjon of the chamber. Adequate cooling of chun
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ber 18 to partially condense the vapors may re-
sult from normal heat losses to the atmosphere.
If desired, the vapors may be subjected to reflux
condensation, as by a. stream of oil circulated
by & pump 38 from the. bottom to the upper
interior of the chamber... As previously stated,
the temperatures maintained in the conyersion

chamber ordinarily will be suficlently high to-

cause a considerable degree of cracking to occur
in the presence of the catalyst, and in general
this temperature may range from around 800
to 1100° F., although it is preferred to maintain

5

hydrocarbons through = cracking zone wherein
the hydrocarbons are heated ito. ccracking -tem-,
perature, passing vapors from said zohe into :}

. conversion zone containing a foraminate’ body.of

material comprising a hon-adsorptive catalyst,
and thereby subjecting the hydrocarbons to con-
version within said material, - introducing::the

- vapors into a body of condensate mgintained

1¢

=

the vapor outlet temperature not substantially .

above 900> F., in order to avoid excessive fixed
gas losses. It is found that within the tempera-
ture range indicated, it is possible to effect simul-
-taneously both substantial eracking and associa-
tion or polymerization of the cracked products
1. e,, to produce by the effect of the cracking cat-
alyst further or more complete dissociation of
the vapors heated to cracking temperature in the
cracking still, and to polymerize the resulting re-
formable hydrocarbons by the effect of the poly-
merizing catalysts. Valve 81 in the vapor outlet
line 32 may be set to maintain any desired pres-
sure on the hydrocarbons within the conversion
chamber.

The vapors leaving the conversion chamber
through line 32 may be fractionated or subjected
to further treatment by any suitable method. As
illustrative, the vapors are shown to be delivered
to fractionating column 33 for removal of higher

20
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within the lower interior of ‘said conversion zone
and thereby subjecting mixed liquid ‘and:vapor
fractions of the hydrocarbons: to:intimate ‘con-
tact within said materiai by upwatd displacement
of the condensate therein;: 'so that ‘the liquid
fractions constantly wash the material. in the
presence of hydrocarbons undergoing: conversion
and constanfly remove residual ‘bodies resulting
from the conversion, removing: the vapors from
said conversion zone, and’separately: removing
the condensate and its contained residual bodies.

2. The method of refining ‘petroleum: hydro-
carbons that includes, passing.a stream of the
hydrocarbons. through a cracking:zone: wherein
the hydrocatrbons are heatedto cracking ‘tem-
perature, passing vapors from:said:zone:into'a
conversion zone containing a:foraminste body of
material comprising a non-adsorptive ' catalyst,

- and thereby subjecting the hydrocarbons to'conx

a0

boiling fractions above the gasoline range, which

are condensed and withdrawn through line 34.
The vapors then are taken through line 3§ for
final condensation in condenser 38 and the prod-
uct gasoline is collected in receiver 37. Fixed
gases and uncondensed vapors are discharged
through the valved line 38. Where the hydro-
carbons have been subjected to polymerization
within the conversion chamber by intimate con-
tact with adsorptive clays of the character de-
scribed, the product gasoline is found to be rela-
tively low in sulphur and possessed of water white
color stability by reason of the effective removal
of polymers and gum forming bodies. :

s
B
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version within said material, introducing the
vapors into a body of condensate maintained
within the lower interior of ‘said conversion zone

.and thereby subjecting: mixed liquid:and vapor

fractions of the hydrocarbons to:intimate”con-
tact within said material by upward:displacement
of the condensz.te therein; so that the liquid frac-

5 tions constantly wash the: material in the: pres-

ence of hydrocarbons undergoing conversion and
constantly remove residual bodies resulting. from
the conversion, maintaining the hydrocarbons in
sald conversion zone at.a temperature at which
cracking occurs in the presence of said catalyst,

- removing the vapors from said conversion zone,
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Preferably the condensate stream and its con- .

tained polymers removed from the conversion
chamber through line 28, are recirculated for fur-
ther cracking. The condensate may be returned
through line 3% and combined with the charging
stock in line tl for cracking in coil (3, or the
condensate may be recirculated through lines 40
and 41 to an independent heating or cracking coil
42 connecting at its outlet with line 15. Instead
of introducing the charging stock initially
through line {f, it. may be fed to the system
through line 47 and combined with the recircu-
lated condensate. By thus recirculating the con-
densate for further cracking, impurities such as
sulphur confaining compounds and polymers re-
moved from the conversion chamber, are re-
-cracked, thus permitting recovery in the system
of desirable condensible constituents of the im-
purities and providing for elimination of sulphur
compounds either as residue from the separator
18, or in the form of fixed gases through the final
outlet gas line 38. As illustrated, condensate
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and separately removing the condensate a.nd its
contained residual bodies. : -~

3. The method of reﬁning petroleum hydro-
carbons that includes, passing'a stream of.the
hydrocarbons through a cracking zore wherein
the hydrocarbons are heated:to cracking ‘tem-
perature, passing vapors from said zone into &
conversion zone containing a:foraminate body
of material comprising a combination of ‘differ-
ent catalysts one adapted. to induce -cracking
and the other polymerization of the hydrocar-
bons, and thereby - subjecting’ the “hydrocarbons
to cracking and polymerization within said ma-
terfal, introducing the vapors:into ‘a ‘body: of
condensate maintained within the lower.interior
of said conversion zone and- thereby subjecting
mixed liquid and vapor fractions of the:hydro-
carbons to intimate contact within said mate-
rial by upward displacement of:the condensate
therein, so that the liquid fractions: constantly
wash the material in the ‘presence of hydrocar-

. bons undergoing cracking: and' polymerization

65

and constantly remove .polymers being formed,
removing the vapors from-said:conversion zone,

-.and separately removing the condensate and 1ts

withdrawn from the fractionating column through

line 34 may be taken to storage through line &4,
or recirculated through lines 48 and 41 to the
cracking still.

I claim:

1. The method of reﬂning petroleum hydro-

carbons that includes, passing a stream of’ the 75

contained polymers. :

4. The method of reﬁning petroleum hydro-
carbons that includes,. ‘passing-a stream.of the
hydrocarbons through. a:cracking zone wherein
the hydrocarbons are: heated:to cracking- tem-
perature, passing ‘vapors:from- said zone-into’a
conversion zone containing g foraminate body of
material comprising a combination ‘of. a:metal-
lic cracking catalyst and an absorptive polymer-




4

izing catalyst together adapted to induce both
cracking and polymerization of the hydrocar-
bons, and thereby subjecting the hydrocarbons

to cracking and polymerization within said ma-

terial, introducing the vapors into a body of con-
densate maintained within the lower interlor
of sald conversion zone and thereby subjecting

mixed liquid and vapor fractions of the hydro-

carbons to intimate contact within said material
by upward displacement of the condensate

2,303,547 |

maintained within the lower interior of sald con-
version zone and thereby subjecting mixed liquid
and vapor fractions of the hydrocarbons to inti-
mate contact within sald material by upward dis-
placement of the condensate therein, so that the
liquid fractions constantly wash the material in
the presence of hydrocarbons undergoing crack-
ing and polymerization and constantly remove

- polymers being formed, removing the vapors from

10

therein, so that the lquid fractions constantly

wash the material in the presence of hydrocar-
bons undergoing cracking and polymerization
and constantly remove polymers being formed,
removing the vapors from said conversion zone,
and separately removing the condensate and its
contained polymers.

5. The method of refining petroleum hydro-
carbons that includes, passing a stream of the
hydrocarbons through a cracking sone wherein
the hydrocarbons are heated to cracking tem-

perature, passing vapors from said zone into a

conversion zone containing a foraminate body
of material comprising s combinsation of alumi-
num chioride and adsorptive clay catalysts to-
gether adapted to induce both cracking and
polymerization within said material, introducing
the vapors into a body of condensate maintained
within the lower interior of said conversion zone
and thereby subjecting mixed liquid and vapor
fractions of the hydrocarbons to intimate con-
tact within said material by upward displacement
of the condensate therein, so that the liquid
fractions . constantly wash the material in the
presence of hydrocarbons undergoing cracking
and polymerization and constantly remove poly-
mers being formed, removing the vapors from
said converison zone, and separately removing
the condensate and its contained polymers.

6. The method of refining pertoleum hydro-
carbons that includes, passing a stream of the
hydrocarbons through a cracking zone wherein
the hydrocarbons are heated to cracking tem-
perature, then removing unvaporized residuum
from the thydrocarbons and paessing the vapors
into a conversion zone containing a foraminate
body of material comprising a non-adsorptive
catalyst, and thereby subjecting the hydrocar-
bons to converslon within said materlal, intro-
ducing the vapors into 8 body of condensate
maintained within the lower interior of said con-
version zone and thereby subjecting mixed liquid
and vapor fractions of the hydrocarbons to in-
timate contact within said material by upward
displacement of the condensate therein, so that
the liquid fractions constantly wash the material
in the presence of hydrocarbons undergoing con-
version and constantly remove residual bodies
resulting from the conversion, removing the va-
pors from sald conversion zone, and separately
removing the condensate and its contained re-
sidual bodies.

7. The method of refining petroleum hydrocar-
bons that includes, passing a stream of the hy-
drocarbons through a eracking sone wherein the
hydrocarbons are heated to cracking tempera-
ture, then removing unvaporized residuum from
the hydrocarbons and passing the vapors into a
conversion zone containing a foraminate body of
material comprising a combination of different
catalysts one adapted to induce cracking and the
.other polymerization of the hydrocarbons, and
thereby subjecting the hydrocarbons to . crack-

30

35

40

@

55

65

70

ing and polymerization within sald material, in-
troducing the vapors into s body of condensate 75 sul?jectinz a cqnsidembly large quantity of the

said conversion zone, and separately removing
the condensate and its contained polymers.

8. The method of refining petroleum hydro-
carbons that includes, passing a stream of the
hydrocarbons through a heating fone wherein
the hydrocarbons are heated to a tempersture
suitable for catalytic cracking and polymeriza-
tion of the hydrocarbons, passing vapors from
said zone upwardly within a conversion zone con-
taining a foraminate stationary body of material
comprising a non-adsorptive cracking catalyst
and an adsorptive polymerizing catalyst, and
thereby subjecting the hydrocarbons to both
cracking and polymerization within said ma-
terial, partially condensing the vapors and sub-
jecting a considerably large quantity of the con-
densate to intimate contact with vapor fractions
within said material so that the condensate is
upwardly displaced therein by the vapors and is
thereby caused to repeatedly contact and be acted
upon by said material, said condensate also serv-
ing to constantly wash and remove from the ma-
terial residual bodies resulting from the cracking
and polymerization, withdrawing the vapors from
said conversion zone, and separately removing
the condensate and its contained residual bodies.

8. The method of refining petroleum hydrocar-
bouns that includes, passing a stream of the hy-
drocarbons through a heating zone wherein the -
hydrocarbons are heated to a temperature suit-
able for catalytic cracking and polymerization
of the hydrocarbons, passing vapors from sald
zone into a conversion zone containing a forami-
nate stationary body of material comprising a
combination of different catalysts, one adapted
to induce cracking and the other polymerization
of the hydrocarbons, and thereby subjecting the
hydrocarbons to both cracking and polymeriza-
tion within said material, partially condensing the
vapors and subjecting a considerably large quan-
tity of the condensate to intimate contact with
vapor fractions within said material so that the
condensate is upwardly displaced therein by the
vapors and is thereby caused to repeatedly con-
tact and be acted upon by said material, said
condensate also serving to constantly wash and
remove from the material residual bodies result-
ing from the cracking and polymerization, with-
drawing the vapors from said conversion zone,
and separately removing the condensate and its
contained polymers, :

10. The method of refining petroleum hydro-
carbons that includes, passing a stream of the
hydrocarbons through a heating zone wherein
the hydrocarbons are heated to a temperature
suitable for subsequent catalytic cracking and
polymerization, removing unvaporized residuum
from the hydrocarbons, passing the vapors into
a conversion zone containing a foraminate sta-
tionary body of material comprising a combina-
tion of different catalysts, one adapted to induce
cracking and the other polymerization of the
hydrocarbons, and thereby subjecting the hydro-
carbons to cracking and polymerization within
said material, partially condensing the vapors and
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condensate to intimate contact with vapor frac-
tions within said material so that the condensate
is upwardly displaced therein by the vapors and
is thereby caused to repeatedly contact and be
acted upon by said material, said condensate also
serving to constantly wash and remove from the
material residual bodies resulting from the crack-
ing and polymerization, withdrawing the vapors
from said conversion zone, and separately remov-
ing the condensate and ifs contained polymers.

11. The method of refining petroleum hydro-
carbons that includes, passing a stream of the
hydrocarbons through a heating zone wherein
the hydrocarbons are heated to a temperature
suitable for catalytic cracking and polymeriza-
tion of the hydrocarbons, passing vapors from
said zone upwardly within a conversion zone con-
taining a foraminate stationary body of material

10
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comprising aluminum chloride supported on a
solid adsorptive carrier, and thereby subjecting
the hydrocarbons to both cracking and poly-
merization within said material, partially con-
densing the vapors and subjecting a considerably

large quantity of the condensate to intimate con-

tact with vapor fractions within said material so
that the condensate is upwardly displaced therein
by the vapors and is thereby caused to repeatedly
contact and be acted upon by said material, said
condensate also serving to constantly wash and
remove from the material residual bodies result-
ing from the cracking and polymerization, with-
drawing the vapors from said conversion zone,
and separately removing the condensate and its
contained residual bodies.

WILLIAM T. HANCOCK.




